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I. HISTORY AND SCOPE 
A. Introduction 
Zinc in "trace quantities," is found as a constituent in all plant , . 
and animal tissue, end is ess entis l for normal animal grow-th (107). Des-
pite the extensive distribution of zinc, its physiological function is 
incompletely understood. The only established in vivo function of zinc 
is as a component of carbonic anhydrase. A great deal of work has been 
done durj_ng the past forty years to deterrr ..i ne the distribution of zinc 
in various plants and animal organs and to attempt to elucidate other 
possible physiological roles. 
B. Zinc and Enzymes 
Various enz.y.mes and hormones have been reported to contain zinc, or 
to be activated or inactivated by this metal. Holmberg (47) mentioned, 
as a note in a paper on uricase, that one sample contained 0.13 per cent 
zinc, but made no claims that this enzyme was a zinc protein. DB.vidson 
(22) on analyzing a sample of uricase found 0.09 per cent zinc and 0.2 
per cent iron, but was not certain whether the zinc was protein bound. 
Praetorius (82) later ended all speculation on this subject by showing 
that this enzyme could not be a zinc protein. 
The extensive literature on the role of various divalent metals on 
the phosphomonoesterase I (alkaline phospha.tases) and phosphomonoesterase 
II (acid phosphat ases) of serum, kidney, intestines, and other tissues 
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leaves many questions unanswered. Roche (84), in a review, states that 
some of the contradictory data on alkaline phosphatases have arisen mainly 
from studying crude tissue extracts rather than purified enzymes. Extracts 
may contain variable amounts of modifying factors, thus the effect of the 
addition of these substances may either be variable or without effect. 
For ~ple, it he.s been shown that bone phosphatase is insensitive to 
magnesium ion, but is strongly activated by it after purification. In 
crude preparations, the phenomena of anti-inhibition complicate proper 
interpretation of results, since various substances may activate alkaline 
phosphatases because the,y block or eliminate a natural inhibitor. Thus, 
low cyanide concentration activates certain tissue extracts by forming 
complexes vlith inhibitory metals that are present, but is inhibitory to 
purified samples. Roche therefore concludes tha.t one should not consider 
an activation or inhibition as significant unless it occurs regularly 
and reproducibly in all instances. 
Investigations have led to the concept that alkaline phosphatases are 
enz~lmes with a dissociable metal, and that the natural metallic constitu-
ent can be replaced by various divalent cations. Activation by various 
metals has been interpr eted as sa.tura:t;,ion of the enzyme by these activa-
tors . Roche further states that Cloetens' (13, 14, 15) theory of this 
enzyme requiring t wo metals for reactivation is untenable, for it is based 
on a cyanide-inhibited system. Reactions of this type will require addi-
tional meta~ to combine with the excess cyanide present, thus acting as 
an anti-inhibitor. Roche has theorized that alkaline phosphatases are 
proteins with an activity related to a metal complex (probably of magnes-
iBm in general) of certain primary amine groups in the apoenz.y.me and to a 
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dissociable peptide. (Neither the peptide nor the metal is strictly specific.) 
The primary amine groups of the apoenzyme are necessary for enzymatic acti-
vity, for if they are destroyed, activity is blocked. 
The divalent metallic ions of magnesium, manganese, zinc, cobalt, and 
iron are effective activators of alkaline phosphatases, with each operating 
at a characteristic optimum concentration. Hove and his associates (49) 
have shovm that certain amino acids (as alanine) increase the effect ef 
these cations. This has been explained as probably being caused by a rev-
ersal of enzyme denaturation i n the presence of the amino acid, rather than 
increasing the rate of the reaction of the metal ion with the enzyme (77). 
Cloetens' (14) suggestion that zinc may be a constituent of kidney phospha-
tase was based solely on activation studiesJ no quantitative data of metal-
lic levels were presented. Massart and Vandendriessche (62) have found 
zinc, copper, manganese, magnesium, and iron in samples of renal phospha-
tase, but no .data are available on whether these metal.s accumulated during 
purification. These same authors (63) have reported the phosphatase of 
milk as being a zinc protein, but again this is based on activation and 
inactivation studies. Roche and his associates (85), on analyzing a pur-
ified sample of intestinal phosphatase, have found the concentration of 
magnesium to be about ten times that of zinc. The zinc present was con-
sidered to be an impurity, since its removal did not decrease the activity 
of the enzyme. From this and other evidence they concluded that magnesium 
is a constituent of alkaline phosphatases and that other divalent metals 
can act as non-specific activators. 
The possible presence of zinc in samples of the various acid phospha-
tases can not be evaluated at the present time. Since this enzyme is 
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inhibited by fluoride ion, the presence of magnesium was suspected; however, 
ana~sis of ashed samples has not substantiated this hypothesis (85). In 
two recent articles, Sadasivan (88, 89) questions whether acid and alkaline 
phosphatases exist in vivo. This point of view was based on a study of the 
phosphatase activity of Penicillum Ql76 and ox kidney alkaline phosphatase, 
which r&~uired both magnesium and zinc fer activation. By inhibiting the 
enzyme with cyanide, keeping the concentration of added magnesium constant, 
and varying the zinc concentration, it was found that the pH maxima shifted 
to a higher pH as the zinc concentration increased. The author believes 
that this shift may explain how- trace metals function 2:!!, vivo and also cl!r-
~fy why certain en~es (as phosphatases, uricase, arginase, and so forth) 
have a pH optimum far removed from that of the tissue in which they are 
found. While this theory may explain the behavior of metal enzymes as 
being a reflection of the change in concentration of trace metals, the evi-
dence presented is open to criticism. For, as previously mentioned, Roche 
(84) and others have pointed out that in this cyanida-i.l'lhibited system, 
zinc is probably acting as an anti-inhibitor. Whether zinc is a consti-
tuent of acid or alkaline phosphatases, or whether it is the in vivo acti-
vator for the latter, is still debatable. 
Vvarburg and Christian (114) believe zymohaxase to be a zinc complexJ 
however, the quantities of zinc present are very small and may be impuri-
ties. Yudkin and Fruton (123) have reported that dehydropeptidase is 
activated by zinc. Kemkel (52) has reported on the effect of zinc on the 
oxidation of Krebs cycle intermediates. Zinc inactivates rat liver and 
kidney succL~oxidase systems, and inhibits other intermediates, particu-
larly the oxidation of alpha-ketoglutarate and citrate. Protein-splitting 
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enzymes have been found in crude stroma suspensions of lysed human erythro-
cytes (73). Two of the three such impure en~es obtained are activated by 
zinc and ferrous ions. 
No attempt will be made to abstract the large amount of work reported 
on carbonic anhydrase. Vallee and Al tschule 1 s (107) article reviews this 
subject as well as other studies on zinc in mammals. Other excellent rev-
iew articles on this subject have been presented by Davenport (21) and 
van Goor (37). Some of the chemical properties and characteristics of 
carbonic anhydrase are briefly mentioned below. 
A highly purified preparation of carbonic anhydrase, isolated from ox 
blood, was found to contain O.J per cent zinc, and to accelerate the reac-
tion C0
2 
4~H2o --- HZJOJ (107). It has a molecular weight of approximately 
30,000, and an isoelectric point of about 5.6. Removal of zinc by hydro. 
lysis results in inactivation of the en~e. This has been interpreted to 
mean that the metal is an integral part of the molecule. Reagents, as 
cyanide, sulphide, azide, and BAL, which combine with zinc, also inactivate 
the enzyme. It is reversibly inactivated by oxidizing agents, and perma-
nently inactivated by heat. 
Vallee and Altschule 1 s paper (107) should be referred to for studies 
on zinc deficiency and intoxication in animals. It should be noted that 
zinc-deficient rats show, among other manifestations, decreas ed i ntest inal 
phosphatase activity, dec r eased blood alkaline phosphatase, normal bone 
phosphatase, and a slight anemia with a normal carbonic anhydrase activity. 
C. Zinc and Hormones 
Many metals, as cadmium, cabal t, and zinc, \'lill combine vii th insulin 
in a constant ratio to produce a crystalline product (93). The use of zinc 
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insulin for its prolonged activity has led to the erroneous belief that 
zinc is a constituent of the insulin molecule. Sanger (92) has proven 
that the physiological activity of insulin is not dependent on the pre-
sence of any metallic group. 
The significance of the relationships between zinc and other hormones 
is not apparent at the present time (107). It has been reported that zinc 
augments the effect of hypophyseal gonadotrophic extracts (5) and follicle-
stimulating and luteinizine hormone (30) and decreases the activity of 
equine gonadotropin (55). 
Recently, Holtermann, Heier, and Bergh (48) have reported the presence 
of zinc in ACTH isolated from the anterior lobe of the finback whale pitu-
itary. 
Scott and Fisher have reported that insulin in the diabetic pancreas 
was one quarter of normal and that it contained one half the normal amount 
of zinc (94). ~rontgomery and his colleagues (72) were unable to confirm 
these findings. Eisenbrand and Sienz (25) have concluded that zinc levels 
in the normal and diabetic pancreas do not differ, and that there is no 
apparent physiological r$lationship between zinc and insulin. However, 
recent work by various authors (51, 122, 80) on the production of experi-
mental diabetes mellitus by organic reagents (mainly dithizone) has 
reopened this controversy. Okamota and his co-workers (80) have concluded 
that the degree of induced diabetes is related to the zinc content of the 
islets of Langerhans, since animals with high islet zinc content reacted 
to become more severely diabetic than animals with low islet zinc content. 
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Watson and associates (115) have supplied evidence to support the claims 
for the existence of a zinc uroporphyrin and a zinc c~proporphyrin . 
E. Zinc Analysis 
Through the years, various methods have been proposed and employed 
for the determil1ation of trace quantities of zinc. The analysis may be 
perf ormed by: 
a. precipi tat, i on and isolation of the sulfide ( 91) 
b. measurement of the green fluorescence formed with urobilin (58) 
.. 
c. formation of the ferrocyanide and nephelometr ic measurement (26) 
d. polarographic met hods (98) 
e. a recent method involving a titration with disodium ethylenedi-
amine tetraacetic acid (EDTA), using Eriochrome Schwartz T as the indica-
tor (23) 
f. extraction by complexing with di-beta-naphthylthiocarbazone and 
measurement by photometr ic or polarographic methods (12) 
g. one of the various methods mentioned by Sandell (91)--
1-turbidimetric measurement of ·othe sulfide 
2-precipitation with 8-hydro~~uinoline and measurement by 
one of the indirect colorimetric methods. One possibility 
would entail coupling the dissolved oxine with a diazo com-
pound to yield a dye of strong color 
h. emission spectroscopy by direct current arc in a helium environ-
ment (llO) 
i. photometric measurement after extr action with diphenylthiocarba-
zone (91). 
s 
Sandell (91), in his excellent text, :3tates that in 1S82 Emil Fischer 
reported on the preparation of diphenylthiocarbazone or dithizone. This 
compound produces brilliantly colored products with heavy metals and is 
widely used in trace anal~ysis. However, it was not until 1937 that Fischer 
and Leopoldi (31) employed dithizone for the analysis of inorganic sine. 
This method \fa.S used for the analysis of zinc in plants by Holland and 
Ritchie (46), and Cowling and Miller (17), and f0r the measurement of car-
bonic anhydrase by Hove and his associates (50). 
In 1944, Sandell (91), following Fischer and Leopoldi's method, sug-
gested that zinc be determined colorimetr ically or photometrically 1dth 
dithizone after removal of interfering metals. At low concentrations of 
these metals, the determination may be accurately performed at a slightly 
acid pH in the presence of sodium thiosulfate and an acetate buffer. The 
zinc is then determined by measuring the absorbanoy of the sine dithizonate 
or indirectly by photometrically obtainLng the concentration of the remain-
ing dithizone. In 1947 Gettler and Bastian (33) reported on the determina-
tion of zinc using a oomplexing buffer, which eliminates preliminary sepa-
ration of other metals present in human tissue. In 1948, Vallee and Gibson 
(105) further refined this method to obtain greater recovery of zinc. An 
excess of dithizone in cc14 was used for extraction, and the calculation 
based on the ratio of absorbancies at two wave lengths. In 1949, Hoch and 
Vallee (44) simplified the procedure !or the deter.mLnation of zinc in blood 
by employing trichloracetic acid precipitation instead of ashing techniques. 
In 1952, Berfenstam (4) also reported a trichloroacetic acid precipitation 
method, but did successive extractions to separate the zinc dithizonate 
from the other metals of blood. 
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Malmstrom and Glick (59) have also used dithizone to determine millimi-
crogram quantities of zinc in ashed samples of tissue. 
F. Distribution of Zinc in Tissues 
The widespread distribution of zinc in all plant and animal tissue 
accounts for the rareness of zinc deficiency disease in man or animal. 
Eggleton's (24) report of lowered zinc levels in both blood and tissue of 
Chinese subjects suffering from beri-beri is the only deficiency case noted 
to date. It has been calculated (28) that the body contains about two grams 
of zinc, thus being equal to the body iron concentration and greater than 
copper levels. Zinc is distributed among all the human and other vert~ 
bra·t,e organs from 10 to 200 jA-- g/gram wet weight (107). Vallee and Altschule 
have stated that because of the diversity and inaccuracy of the various 
methods employed to date, units chosen, and so forth, much of the earlier 
data can not be considered as quantitative. They also state that while 
most organs contain 20 to 30 ~g/gram of zinc, liver, voluntary muscle, 
and bone about double this quantity, and endocrine and lymph node contain 
from 60 to 180 )kg. These data should be critically re-examined. Rae .. 
ently Bowness and his colleagues (6) have reported the copper and zinc 
levels of melanin fractions from eye tissue. Mawson and Fischer (64, 65) 
have reported on carbonic anhydrase and zinc levels of the prostate of 
rat, rabbit, and man. In each instance it was found that the zinc con-
tents were much higher in the posterior lobe of the prostate than in the 
ventral lobe, and this organ, as others, contained more zinc than could be 
accounted for by carbonic anhydrase activity. This organ, in man, con-
tained 682 :. 70 fg/ gram dry weight, a.nd is thu~ next to leukocytes in 
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containing more zinc than any other tissue. It was also noted that in the 
prostate a high zinc content is associated with a high proportion of organ-
ized secretory tissue. 
Use of zu65 as a radioactive isotope has not led to ~ significant 
data on the over-all zinc metabolism (107). The relationship of zinc to 
cancer has been investigated, but much of the older work is probably mis-
leading for the reasons stated above. Heath (41, 42, 43) who has done some 
of the more recent work in this field has concluded that his data are incon-
elusive, sL11ce some tumorous tissues showed increased zinc content while 
others showed only slight increases. Carruthers and Suntzeff (10) have 
found that induced hyperplastic epidermis contained about 45 per cent less 
copper and 30 per cent less zinc than normal epidermis. Gibson and his 
co-workers (34) have found a 10 to 40 per cent decrease in zinc levels of 
leukemic leukocytes. 
Rosenfeld and Tobias (86), in their study of the distribution of vari-
ous radioactive metals in the cytoplasm and nuclei of various normal and 
tumor tissues, have folh~d very little uptake of zu65 in nuclei. MOst of 
the recovered zinc was in the cytoplasrnic fractions, of which less than 1 
per cent was bound with protein. Heath (42, 43) has reported that about 
one half of the recovered zu65 activity was found in the isolated nuclei 
of the tissues studied. Here the metal is associated with desoxyribose 
nucleoprotein. This distribution is affected only by mild and repeated 
extractions of the nuclei, since with the usual citric acid extraction no 
zn65 was recovered in the nuclei. Hoch and Vallee (45) have reported that 
the zinc containing protein extracted from human leukocytes was not associ-
ated ~~th fractions of nucleic acid. Miyake (71) and Koga (53) have 
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demonstrated that the nuclei isolated from chicken, goose, turtle, f rog, 
end fish erythrocytes have approY.i:rr_ately a three times higher zinc con-
centr-.tion than the cytoplasm. 
G, Distr~bution of Z~£~0~ Fluids and Blood 
1. Body Fluids 
The analysis of human, cow, and goat milk has shown colostrwn to be 
high in zinc content and that in loTOmen the zinc concentration of fresh 
milk falls to 2 mgm/kgm of fresh milk during lactation (54). McCance and 
Widdowson ( 66) state that the daily intake of zinc in normal humans is 
10 to 15 mgm and that most of this is excreted in the feces. Normal uri-
nary excretion is 0.3 mgm per day, and is independent of L~take and of 
intravenous injections of zinc. Thus the large L~testine is the probable 
regulator for zinc excretion. That a large fraction of body zinc is eli-
minated by vmy of the G. I. tract has been confirmed by Zn65 studies (96). 
These same authors (72 ) have reported that the acL~ar portion of the pa...~­
creas is concerned with zinc metabolism, since administered zn65 is 
excreted in the pancreatic juice. Mann {61) has investigated the iron, 
zinc, and copper content of semen. Sperm contain 0.70 and the plasma 
(suspending fluid) 0.78 mgm zinc per 100 ml semen. 
2. Erythrocytes 
Smirnov (98) has found the following meru1 species differences of zinc 
content per gram of erythroc~rtes: man, 13 J'Lg/ grarn; rat, 10 }Jg/ gram; dog, 9 
}-l g/gram; rabbit, 9 flF,/gram; goose, 6.5 p.g/gram. 
The results of various investigators for erythrocyte zinc levels per 
100 m1 blood of normal humans are tabulated in Table I. Erythrocyte zinc 
levels per million cells have been established at 1.3 ~ 0.20 x lo-3 flg 
lla 
'l'ABLE I 
'l'HE DISTRIBUTION OF ZINC I N NOHl>~.lJIL B.U:i.AJ~ BLOOD 
\Vhole Blood Plasma or Se-
Investiga_0r Year No. Cases /-l g/100 ml: rum flg/100 ral ~_fg/100 ml 
Burnstein (9) 1929 333 758 
Smirnov ( 98 ) 1948 1300 
Vallee & Gibson 1948 15M 809(590-1480) 390(120-1140) 1420(910-1840) 
(106) 
16 F 860(520-1320) 310(120-1010) 1450(ll30-18h0) 
Berfenstam (3,4) 1949 19-24 657(560-750) 113(72-160) 1303 (ll30-166a) 
1952 -!~126-plasma 109 + 2 1244 + 20 
~:- 84-."LBC (S.D .= 20) ( S .D.=~l80) 
i~olff (118 ,120) 1950-1 15 M 717(555-901) 
15 F 691(594-879) 
50 M 197(137-284) 
50 F 194(141-272) 
10M 1300(1101-1501) 
10 F 1295(1101-1497) 
Vikbla.dh (112) 1950 18 F 811(687-980) 
32M 128(84-157) 1783(1423-2093) 
30 F 123(88-163) 
6.....> ~· ..,_.. - · ..._ _. _ _ - ----- · - ,.___ ...__- - -~-- . - - · · -~ 
*Includes 1949 data 
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by Vallee and Gibson (106). II Wolff and Kastler (119) have reported values 
of 0.91 - 1.10 x 10-3 ~ g per million c~lls. It has been found that a. 
close relationship exists between erythrocyte zinc and carbonic ~~ydrase 
activity, and that the metallic levels may be used as a rneasure of the 
content of the latter u1 erythrocJtes (lOS). This relationship has also 
been found by other investigators (4, 98). Vallee and Altschule 1 s review 
-
article (107) and recent work (4, 119, 121) elaborate on the numerous 
papers on t he carbonic anhy-drase activity of erythrocytes in normal and 
pathological conditions. Thus in patients wi th var ious &."leraias and with 
hemorrhage, the decrease in carbonic a~~ydrase activity parallels hemo-
globin concentrations. In pernicious anemia the enzyme activity is in 
or near normal range, even though very low hematocrits and hemoglobin lev-
els are encountered. In polycythemia vera, the carbonic anhydrase acti-
vity is increased in proportion to hematocrit values. 
3. Leukocytes 
Human leukocytes contain 3.2 ! 1.3 x 10~2 f g zinc per million cells 
(106). Thus, while in whole blood ·Ghree fourths of the zinc is found in 
the erythrocytes, 22 per· cent in t he plasma, and 3 per cent in the leuko-
cytes, cell f or cell the leukocytes contai..Tl t 1.-1enty-five times as much 
zirtc as do t he erfthrocytes. (This finding of high zinc levels in leuko-
cytes confirmed an earlier study by Cristol (19 ).) No data are available 
on the distribut i on of zinc among the various types of leukoc~~es, nor is 
anything known about its physiological function. (No carbonic anhydrase 
activity has been found in l eukocytes .) 
Gibson and his associates (34) have found in a stucJ.;>r of five cases of 
myeloid leukemia and three cases of lymphatic leukemia that the leukocyte 
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zinc content varied from below 10 to 40 per cent of normal. As leukocyte 
levels fell with x-ray or urethane treatment, the zinc content rose to nor-
mal levels. Administration of large amounts of zinc salts failed to influ-
ence the disease process or to raise zinc levels of the leukemic cells. 
f 
Hoch and Vallee (45) in their study of the zinc containing protein of 
human leukocytes have found a ratio of zinc to protein of 82 to 117 }4- g of 
zinc per gram of protein. The zinc is firmly bound to protein, and 81.1 
per cent of the zinc and 79.6 per cent of the protein of leukocytes could 
be extracted. 
4. Plasma 
No difference have been noted between zinc levels in human serum and 
plasma. Normal values are compiled in Table I. Vikbladh (ll3} states that 
the difference between plasma values (Vikbladh: 126 ,:!: 18 f.l g-per cent; 
Vallee and Gibson: 300 ~ 160 fL g-per cent) was probably caused by zinc 
contaminants from the metal parts of needles and syringes used in obtain-
ing blo~d samples. In Vikbladh's study, polished and sharpened stainless 
steel tubes without syringes were employed to withdraw blood. However, one 
may question whether so large a deviation could result from only this dif-
ference in technique. Berfenstam (4) thinks the differences in normal zinc 
levels are caused by differences in technique, both in preparation of 
samples and in actual analysis. This comment may be valid, since both 
Wolff and Berfenstam employ a dithizone method which is different from the 
original Vallee and Gibson procedure. Vikbladh, on the other hand, followed 
Vallee and Gibson's method, but employed zinc acetate as a primary standard 
instead of metallic zinc. Berfenstam used winged needles for venous 
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punctures, but did not state whether these needles had hubs on them nor 
whether syringes were attached. Recently, Vallee (111) employed all stain-
less steel needles and glass syringes for obtaining samples for serum cop-
per analysis. He stated, "since contamination from the use of standard 
needles; the hub of which is generally manufactures of chrome-plated brass, 
could be demonstrated.'' However, no data were given. Neither Vikbladh 
nor Berfenstam have published any data on obtaining samples by these dif-
ferent methods or show significant differences in the zinc concentrations 
caused by contamination. 
Vikbladh (113) has shown that serum zinc is rarely elevated, but 
decreases in certain conditions as in acute and chronic infections (con-
firmed by Wolff and Amann (121)). Patients with acute infections had a 
considerable decrease in serum zinc during febrile stage, which returned 
to normal on recovery. Normal serum zinc was noted in hemorrhagic anemias 
and essential iron deficiency, while in untreated pernicious anemia zinc 
values were low but became normal with liver therapy. Significant decrea-
ses were found in leukemia, malignant tumors, chronic nephritis, and hepa-
togenous jaundice. No variations were noted in diabetes, acute rheumatic 
fever, acute nephritis, and other disorders. Elevated serum levels were 
noted in one case after BAL administration. 
Serum zinc was found to be non-dialysable and to exist in at least 
two fractions (113). Inconclusive results indicated that one is firmly 
bound to a globulin and the other is loosely bound to serum albumin and 
some globulin. These fractions are normally in a ratio of 1:2. Varia-
tions in serum zinc affect only the loosely bound zinc, which may vary 
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from 0 to 100 f-g-per cent. The firmly bound zinc is present in about 40 
fl g-per cent in serum. The loosely bound fraction is probably a vehicle 
for transport, while the f irmly bound fractions probably has other func-
tions. 
5. Animal studies 
Berfenstam (4} has found that normal adult rabbits have a plasma zinc 
content which is considerable higher than in man. The plasma values 
obtained also exhibited a greater variation than those of man. In these 
respects, the behavior is similar to that of serum iron in rabbits, which 
shows a higher value and a greater individual variation than it does in 
man. 
Plasma ~~. g-~2 Blood Cor:euscles 
No. mean + S.E • . S.D. No. Mean . .S.D. 
Adult rabbits 36 248 .:! 10 62 36 902 ~ 22 134 
Humans 126 109 ! 2 20 84 1244 .:!: 20 100 
The corpuscular values for rabbits are lower than in man. It was also 
found that both plasma and corpuscular values could be increased by feed-
ing, and that when plasma levels decreased, erythrocyte ~evels decreased 
a short time later. The author further stated, but with no cited refer-
ences, that in rabbits the leukocyte zinc is said to be up to 100 times 
more than in the erythrocyte. Vallee and his colleagues (109) have noted 
that in dogs the leukocyte contains 100 times more zinc than the erythro-
cyte, wvhile in man there is only a 25 times difference. 
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H. Phosphomonoesterases of Leukocytes 
Rossiter (87} has demonstrated that surface-active substances, such as 
saponin, alkyl sulphate, or bile salts, liberate large quantities of alka-
line phosphatase from rabbit polymorphonuclear leukocytes into the surround-
ing fluid. This phosphatase would not be measured if estimations were done 
on suspensions of intact cells. Using saponin to extract the enzyme and 
substrates as disodium ph~l phosphate and alpha and beta-glycerophosphate, 
Cram and Rossiter (18) have identified and studied the acid and alkaline 
phosphatase of rabbit 11polys. 11 The enzyme was found to have two points of 
~activity, in the region of pH 5 and 101 with the alkaline phospha-
tase IlDlch more active than the acid phosphatase. Magnesium and glycine in 
low concentrations caused an increase in the enzyme activity, whereas zinc 
ion, cyanide, borate, phosphate, bile salt~and glycine in higher concen-
trations were inhibitory._ The mean concentration of alkaline and acid phos-
phatase was 207 _'!: 68 and 7.8 :!: 3. 7 King-Armstrong units per 1010 cells. 
Because of the difficulty in obtaining pure lymphocytes from thoracic duct 
cannulations, no data are available on the phosphatase distribution in 
lymphocytes (40) . However, by statistical analysis of phosphatase activity 
of mixed leukocytes, it was found that alkaline phosphatase is confined 
chiefly to the polymorphonuclear leukocytes and the acid phosphatase chiefly 
to the lymphocytes (40) . There is a quantitative, but not qualitative, dif-
ference in distribution of this enzyme between rabbit and man. It was also 
stated (no data given) that the activity of leukocyte phosphatase varies 
greatly from species to species--that is, rabbit, rat, guinea pig, cat, dog, 
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and pigeon. The polymorphonuclear leukocyte of the rabbit contains 8 times 
the alkaline phosphatase activity of the corresponding cell in man, while 
the human lymphocyte contains 2 times the acid phosphatase activity of the 
rabbit lymphocyte. 
Valentine and Beck (2, 103) have reported on the phosphatase activity 
of human leukocytes in health and in various hematologic conditions. It 
was shovm that neutrophilic leukocytosis is accompanied by extremely high 
alkaline phosphatase levels per leukocyte, but normal acid phosphatase. On 
the other hand, the leukocytes of chronic myelocytic leukemia contain low 
levels of alkaline and normal to high acid phosphatase, and those of chro-
nic lymphatic leukemia and acute blastic leukemia tend to show low levels 
of activity of both acid and alkaline phosphatase. In cases where the 
leukocyte levels were brought to normal with therapy, the phosphatase acti-
vity approached normal levels. They concluded that alkaline phosphatase 
resides chiefly in the cells of the granulocytic series, and that the acia 
phosphatase is probably uniformly distributed throughout both the lymphatic 
and granulocytic cells. 
I. Histochemical Detection of Zinc 
In 1905, Mendel and Bradley (67) introduced a nitroprusside method for 
the histological detection .of .zinc. Sebruyns (95) used this method and an 
alizarine procedure to determine the presence of zinc in mouse neural tis-
sue. However, this was a zinc feeding experiment, and no claims have been 
advanced for the detection of normal zinc levels in tissues with these 
methods. In 1942, Okamoto (78, 79} reported the use of diphenylthiocarbazone 
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(dithizone) and diphenylthiocarbazide (dithizide) as a histological stain 
f or metals. Many of the original journals were destroyed during the war 
and the articles are thus unavailable in this country. However, Kodota 
(51) and a recent article by Okamoto and his associates (80) present a 
detailed account of the technique. Okamoto claimed that an alcoholic solu-
tion of dithizone or dithizide in dilute ammonium hydroxide (pH 8.4 to 8.9}, 
prepared and used in the prescribed manner, will react with zinc in tissues 
vdth the formation of a deep red color. This method was originally used on 
sections of pancreas, which gave a positive reaction only in the islets 
of La.ngerhans. The acinar cells did not stain, while the islets were a 
deep red color with purple red granulations. Kodota (51} applied this 
procedure to sections of pancreas from animals \v.ith diabetes mellitus pro-
duced by the administration of dithizone and exine. He found that the 
islets showed successive loss of granulation and staining properties as 
the islets degenerated with increasing severity of diabetes. Okamota and 
his colleagues (80) have found that the degree of induced diabetes in var-
ious animals is related to the zinc content of the islets of Langerhans. 
Rabbits with high zinc titer s in islet tissue become severely diabetic, 
whereas guinea pigs with low titers become only rnrudly diabetic for the 
same test conditions. Dog, cat, rat, and mouse showed intermediate degrees 
of diabetes as compared to the rabbit and guinea pig . Wolff and co-workers 
(100, 122) have also induced diabetes in animals with dithizone, and have 
found similar changes in the pancreas. They have also confirmed Kodota•s 
findings that the prostate showed loss of staining properties after dithi-
zone administration. 
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From the articles available it seems that Okamoto bases his contention 
of the presence of zinc in the pancreatic islets on the fact that (a) of 
the various other metals that react similarly with the dye, lead, mercury, 
bismuth, cadmium, cobalt, and silver, few are normal physiologic constitu-
ents of animal tissues, (b) other metals can be distinguished from zinc by 
the marked difference in the color of the reaction products, (c) the pre-
sence of interfering metals can be deterrnined by use of ammonium chloride 
or carbonate in the staining solution. 
Chauncey (11) had little success in adapting Mendel and Bradley's 
method to various tissues, since at low zinc concentrations the purple color 
produced faded, the reagent reacted similarly with copper, and it lacked 
sensitivity. He utilized dithizone in an acetone solution as a stain for 
red and white blood corpuscles. Erythrocytes of both man and rabbit stained 
a homogeneous orange-red, while leukocytes showed a pink cytoplasm with red 
granulations and little or no nuclear stain. The granulocytes contained 
about 10 times more stained granulations than the mononuclear leukocytes. 
Chauncey also noted that only 5 per cent of the leukocytes obtained from a 
patient with chronic myelocytic leukemia showed any staining. Owing to the 
inability to make the stain specific for zinc in the tissues studied, the 
dependence of the staining upon zinc content was only inferred. 
The localization of zinc in tissue can be determined indirectly by the 
measurement of carbonic anhydrase activity. Nakai and Kurata (75) have 
reported on a method for the histochemical detection of carbonic anhydrase. 
However, detailed descriptions of their findings were not given. Davenport 
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(20) has removed and studied various portions of the stomach and found no 
carbonic anhydrase activity in the chief cells, a small amount in the sur-
face epithelium, and high activity in the parietal cells. Malmstrom and 
Glick (60) have confirmed these findings by quantitative studies on the 
distribution of zinc in dog gastric mucosa. They found the highest con-
centration in the parietal cell region, and lower concentrations in the 
chief cells, epithelial cells, and other areas. 
J. Objectives 
The objectives of this research were to investigate the distribution 
of zinc in the various rabbit leukocyte forms and to make comparisons of 
its concentration therein with acid and alkaline phosphatase activities in 
the same tissues. It was also expected to correlate zinc and enzyme levels 
in rabbit leukocytes under stress conditions, that is, leukocytosis, 
extreme cold, and after versene (EDTA) administration. It was desired to 
determine whether the zinc levels parallel the known effects of stress on 
the enzymes, whether these enzymes have lowered activity or have merely 
undergone a shift in pH maxima, and whether zinc functions as an activator 
in vivo. A histochemical technique for the detection of zinc was applied 
in a study of leukocytes and various tissues in an attempt to learn more 
of the localization and degree of binding of zinc in tissue. This, in 
conjunction with the enzyme and metal distribution under normal and stress 
conditions, may offe~ some explanation of the role of the relatively large 
amounts of zinc in mammal ian leukocytes. 
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II. EXPERIMENTAL PROCEDURES 
A. Zinc Analysis 
1. Dithizone Method 
Diphenylthiocarbazone, S = C NH - NH - C6H5 , is a violet-black solid N : N ~ C6H5 
soluble in most organic solvents and insoluble in water. In the prepara-
tion of dithizone solutions for analytical purposes, carbon tetrachloride 
and chloroform are used exclusively. In these solvents the dye is a dark 
green in reflected light and red in transmitted light. In strongly polar 
solvents, such as nitrobenzene, dithizone is yellowo Vfuen stored in the 
dark at 4 C, dithizone solutions will not fade. Vfuen exposed to sunlight 
or to weak oxidizing conditions, the dye is oxidized to the yellow diphen-
N = N - C6H5 ylthiocarbodiazone, S = C N - N c H • 
- - 6 5 
The chemistry of diphenylthiocarbazide, dithizide, s = C ~ : ~ : g~~; 
is incompletely understood at the present time. Dithizide has been uti-
lized as a qualitative reagent in analytical chemistry, since it forms col-
ored precipitates or complexes with various metals. The formation of int-
ernal complexes may first involve the autoxidation of dithizide to dithi-
zone, but the exact course of the reaction is obscure. 
According to Sandell, 17 metals (manganese, iron, cobalt, copper, 
nickel, zinc, palladium, silver, cadmium, indium, tin, platinum, gold, mer-
cury, thallium, lead, a.nd bismuth) will form complexes with dithizone. This 
dye can theoretically exist in 2 tautomeric forms with the keto form of all 
the metal dithizonates known, while the enol forms of many metal complexes 
are not known. In the keto form, the hydrogen of the imide group is 
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replaced by the metal; in the enol form, the hydrogen of the sulfhydryl group 
is also replaced. 
keto enol 
Thus, the enol form contains twice as much metal as the keto configuration. 
The enol form can be changed into keto by treatment with acid, while the 
keto form can be converted to the enol tautomer by alkalies. 
The dithizone metal reaction can be made selective for certain metals by 
adjusting the pH of the solution and by the presence of salts which form com-
plexes with interfering ions. Thus, at pH 5.5 and in the presence of a tar-
trate solution and a complex-forming buffer, dithizone combines stoichiometri-
cally with zinc, but does not combine with other metals which may be present. 
In this reaction the green dithizone changes to the bright red zinc dithizon-· 
ate. The complex-forming buffer contains thiosulfate and cyanide ions, and 
at pH 5.5 the thiosulfate prevents the dithizone reaction with copper, mer-
cury, silver, gold, bismuth, lead, and cadmium ions. The presence of cyanide 
ions prevents dithizone combination with nickel and cobalt, while tartrate 
complexes any iron present. To minimize errors in analysis, Vallee and Gibson 
(105) used an excess of dithizone during zinc extractions, and then instead 
of removing this excess, measured the absorbance of this solution at 520 and 
620 mp. • Since the absorption of zinc dithizonate at 620 m )A- is _,negligible, 
the amount of dithizone absorbance at 520 mJL can be calculated. The ratio 
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of the absorbance at 520 and 620 m }t- is determined on a pure dithizone 
solution, and the zinc dithizonate is calculated by dividing the absorbance 
at 620 m~ by the ratio, and subtracting the quotient from the absorbance 
at 520 m }!• (For equation and example, see page 61.) 
Hoch and Vallee 1 s (44) modification of this procedure consisted mainly 
of using a trichioroacetic acid (TCA) precipitation to extract the protein-
bound zinc instead of employing costly and specialized equipment required 
for ashing methods. This method was used unmodified in this investigation 
for the analysis of zinc in plasma and cell suspensions. It was done by 
adding l rnl of 6N HCl and 2 rnl of 20 per cent TCA to the sample, incubating 
for 5 minutes at 90 C, centrifuging at 1500 ~ G . · for 20 minutes, and remov-
ing the supernate. The TCA extraction was then repeated twice more. Fol-
lowing incubation for l hour at 90 C, the combined supernates were decanted 
into 125-ml separatory funnels, 2 ml of 20 per cent tartrate were added, 
and the pH adjusted to 5.5 with concentrated ammonium hydro.xide, using chlo-
rophenol red as the indicator. After adding 50 rnl of buffer, the solution 
was successively extracted with a 0.01 per cent solution of dithizone in 
carbon tetrachloride until the dithizone remained a clear green. The 
extracts were collected and diluted to the mark in 25 or 50-ml pyrex val-
umetric flasks, and the extinctions were measured. 
Urine specimens were analyzed by this dithizone extraction method after 
previous wet digestion to destroy organic matter present. To the urine 
samples were added 5 ml concentrated nitric acid and 2 ml concentrated sul-
furic acid, and they were heated gently. Heating was continued until white 
fumes of sulfur trioxide appeared and a very pale yellow or colorless solution 
was obtained. The solution was cooled, 2 to 3 ml ot water added, and the 
solution was again evaporated to white fumes. This evaporation was repeated, 
and finally 10 ml of water were added and the solution heated to boiling. 
2. Fg_uipment and Reagents 
Ih trace metal work, pyrex glassware must be used throughout all proce-
dures, since ordinary soft glass contains extractable metals. Thus precau-
tions must be taken to prevent contamination with zinc. .All the glassware 
employed in this investigation was pyrex, washed and rinsed thoroughly with 
distilled water and immersed in 2N nitric acid overnight. The glassware 
was then rinsed with zinc-free water until all acid was removed. 
The zinc-free water used was obtained by double distillation, the second 
distillation done in an all-pyrex glass still. Satisfactory zinc-free water 
was also obtained from a Barnstead still which was shown by testing to be 
relatively zinc free ( appro.ximat ely 2 f- g zinc per liter). To insure proper 
purification, all the reagents used were prepared as suggested in Vallee's 
two papers (44, 105) . All solutions were prepared from analytical grade 
reagents, and any contaminating zinc was removed by shaking the solution 
with portions of dithizone in carbon tetrachloride until the dithizone 
remained a clear green. Anunonium. hydroxide was prepared by slowly bubbling 
ammonia into ice-cold zinc-free water. This solution, as all others, was 
placed in pyrex bottles and stored at low temperatures. TCA was recrystal-
lized and stored, while 6N hydrochloric acid was prepared by distillation 
of 6N HCl from an all pyrex still. For the preparation of other solutions 
and general precautions to be observed in trace metal work, Sandell's text (91) 
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and the original papers were consulted. It should be noted that the quantities 
of sodium thiosulfate and sodium acetate listed in the original articles (44, 
105) are intended for the hydrated salts and not for the corresponding anhy-
drous compounds. This complexing buffer was prepared by dissolving 550 grams 
~ 
Na2s2o3 .5H29, 90 grams CH3COONa.3H2o, and 10 grams KCN in about 1000 m1 of 
zinc-free water. The pH was adjusted to 5.5 by addition of glacial acetic 
acid, using a pH meter, and the volume was brought to 2000 ml. The solution 
was then extracted with dithizone until all zinc was removed. 
Analytical grade carbon tetrachloride was used without further purifica-
tion for the preparation of all dithizone solutions. 1~ile this solution 
undergoes a progressive loss in strength during storage,it is immaterial, since 
it was checked routinely at the time that all photometric determinations were 
made. 
Bo Phosphatase Analysis 
As previously noted (see page 16 ) , Rossiter (87} demonstrated that surface-
active substances, such as saponin, bile salts, or alkyl sulfate, liberate 
large quantities of alkaline phosphatase from rabbit polymorphonuclears into 
the surrounding fluid. Thus, the measurement of phosphatase activity in 
leukocytes with and without the presence of a surface-active agent would 
give ver,y different values. In this stuqy, the phosphatase activity of 
leukocytes was measured after extraction with saponin and in the presence 
of magnesium ions. Both sodium-beta-glycerophosphate in diethylbarbiturate 
buffer and disodium phenylphosphate in acetate or carbonate-bicarbonate buf-
fer were employed as substrates. Acid and alkaline phosphatase activity was 
measured at pH 5.0 and 9.9, unless otherwise indicated. 
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The method followed with sodium-beta-glycerophosphate was that employed 
by Valentine and Beck (103) in their studies on human leukocytes. Briefly, 
in this procedure 9.0 ml of a substrate-buffer solution, 0.5 ml of a 2 per 
cent saponin, 0.2 ml of 0.05 M magnesium chloride, and 0.3 ml of a leukocyte 
suspension are incubated at 37 C for 1 hour. After addition of 2 ml of 30 
per cent trichloroacetic acid and filtration, the phosphorus in a 3-ml ali-
quot of filtrate was determined by the method of Fiske and Subbarow (32). 
This method is by the addition of 0.5 ml molybdate reagent, 0.5 ml amino 
naphthol sulfonic acid reagent, and 4.0 ml water, followed by measurement at 
660 mr-. All determinations were done in duplicate. 
In experiments with disodium phenylphosphate the following procedure was 
used: 9 ml buffer, 1 ml of a 1 per cent substrate solution, 0.5 ml of 2 per 
cent saponin, 0.2 ml of 0.05M magnesium chloride, and 0.3 ml of a leukocyte 
suspension were incubated at 37 C for 1 hour. After the addition of 4.5 ml 
of diluted Folin-Ciocalteau reagent and centrifugation, the phenol in a 
10-ml aliquot was determined by adding 2.5 ml of 20 per cent sodium carbon-
ate, waiting 1 hour for color development, and measuring at 660 m}l • This 
measurement of liberated phenol is essentially one of the modifications ori-
ginally suggested by Gutman and Gutman (38). All determinations were run in 
duplicate, and the usual sample and reagent blanks were made. 
The phosphatases of rabbit plasma were measured, using sodium-beta-
glycerophosphate as the substrate and incubating with 1 ml plasma at 37 C for 
1 hour. The liberated phosphate was determined by the method of Fiske and 
Subbarow (32), as in the leukocyte method. 
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c. Methods for Obtaining Leukocytes 
1. Polymorphonuclear Leukocytes from Peritoneal Exudates 
The method of de Haan (39) has been utilized by many investigators to 
obtain relatively pure samples of polymorphonuclear leukocytes for phagocy-
tosis and biochemical studies. In this method, 300 to 500 ml of warm, ster-
ile isotonic saline is run into the peritoneal cavity, or a lesser quantity 
into the pleural cavity, of the experimental animal, and is then drawn off 
3 to 4 hours later into a beaker containing heparin. A richer exudate may 
be obtained by leaving the solution in the animal overnight, injecting a 
further quantity of saline, and withdrawing the resultant solution irrunedi-
ately. Modifications of this method include waiting 4 hours after the sec-
ond injection before removal of the exudate (116 ) , using a sodium chloride-
sodium citrate mixture as an anticoagulant (74) , and injecting a mixture of 
5 per cent aleuronat and 3 per cent starch as an irritant (117) . Ponder 
and MacLeod (81) have produced and removed, in the same animal, at 2-d.a.y 
intervals successive peritoneal exudates. They have found that the prevail-
ing type of granulocyte in the blood stream becomes successively younger, 
until t~e mlfelocyte form predominates. Since a peritoneal exudate will con-
tain the same leukocyte type as the peripheral blood, this method may be 
used for studies on mature and immature cells of the granulocyte series. 
In this investigation, 11 polys 11 were obtained from peritoneal exudates 
by injecting 300 to 400 ml of isotonic saline into rabbits on the right or 
left side of the abdomen about 2 em from the mid-line and about midway 
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between the costal margin and pelvis, waiting 18 hours, reinjecting saline, 
and harvesting the resultant cells 4 hours later. These cells were centri-
fuged at llO ~ G ~: for 5 minutes, washed twice, and resuspended in isotonic 
saline. Smears of these cells were stained with Wright 1 s stain, and only 
those suspensions containing 95 per cent or more "polys" were used for zinc 
and enzymatic studies. Cell counts were done in standard hemocytometers in 
duplicate, and only those counts agreeing within 5 per cent were accepted. 
The major difficulties encountered in this technique were (a} obtaining insuf-
ficient quantities of cells for metal analysis, (b) contamination of the 
leukocytes with erythrocytes, and (c). clumping of the leukocytes. 
Rabbits of the same size and breed, injected and treated similarly, 
yielded varying numbers of cells. 0ften the number was too small for zinc 
analysis. In order to minimize errors in the zinc analysis, it was esti-
mated that the number of cells analyzed had to exceed 200 million. For, 
while the zinc method analysis employed was accurate at quantities as low as 
1 r- g, accuracy is greatly increased when measuring higher levels. Thus, 
whenever possible, samples of about 5 ~g were analyzed. Lesser quantities 
were unsuitable and were discarded. Contamination of the exudates with ery-
throcytes usually resulted from the bleeding of small abdominal vessels or 
from punctures in the large intestines. However, even vmen exercising 
extreme care during injection and holding the rabbit almost vertically to 
keep the intestines near the diaphragm, bleeding of unknown origin often 
occurred. All attempts to remove erythrocyte contamination by lysing agents, 
such as saponin, water, and so forth, always resulted in clumping of the 
leukocytes. In fact, any agent that is known to damage erythrocytes invariably 
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produced _large leukocyte aggregations. Attempts to remove the erythrocytes 
by sedimentation or agglutination tecru1iques were also unsuccessful, prob-
ably because the cells were too far separated in the suspension to form 
aggregates. Occasionally very pure leukocyte suspensions clumped for no 
apparent reason. No rationale for this was found, nor was any method found 
to reverse this phenomenon. The literature contained very few references 
to these difficulties in eo~date work, probably because phagocytosis and 
enzymatic studies require a relatively small number of cells. Some investi-
gators (40} removed any clumped cells simply by filtration through double-
layered gauze. However, this would be unsuitable in this stuqy, since it 
would greatly decrease the number of cells available for analysis and would 
~crease the trace metal contamination of the sample. 
Attempts to obtain immature leukocytes by producing successive inflam-
matory reactions were unsuccessful. Failure was caused by erythrocyte con-
tamination or by death of the rabbit from unknown causes. The method was 
abandoned, since it was decided even if a few animal experiments were suc-
cessful they probably would not have produced a sufficient number of cells 
for analysis. 
2. Monocytes from Peritoneal ~dates 
Lucke and his associates (57) have injected paraffin or light mineral 
oil intraperitoneally, waited 4 to 6 days, and harvested an exudate which 
contained predominantly (90 per cent) macrophages (monocytes) . Code (16} 
suggested using an oil plus an irritant, such as turpentine, to obtain an 
exudate containing 90 per cent monocytes. Robertson and Van Sant (83 } have 
tried paraffin oil, concentrated beef extract, starch, agar, olive oil, 
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sodium taurocholate, liver extract, and gum arabic to obtain rnacrophages. 
They found that a gum arabic-beef extract combination worked best, but 
only 1 out of 3 dogs gave rnacrophages up to 25 per cent. The maximum yield 
varied from 25 to 50 per cent macrophages, the remainder being mainly "polys.n 
All three methods were tried with varying degrees of success, but in no 
instance were large quantities of cells obtained. (Robertson and Van Sant 
were the only authors to state how many experiments did not work success-
fully. ) Using paraffin oil as an irritant produced some macrophages, but 
the total number was usually small, and very difficult to separate from 
the oil. Gum arabic-beef extract injections eliminated this contaminant, 
but the yields were still low. other methods attempted were equally unsuc-
cessful. Some authors pcboled the harvest of cells from many animals in 
order to obtain sufficient cells for their investigation. However, it was 
decided that this would be unsatisfactory for this investigation, since 
large numbers of animals would be required for only a few measurements and 
these would be pooled samples rather than individual animalscells. 
3. Lymphocytes from Thoracic Duct Cannulation 
Since~no methods are available for the isolation of large numbers of 
intact lymphocytes from peripheral blood, it was decided to attempt to 
obtain them by.thoracic duct cannulation. Sanders and his associates (90) 
have described the cannulation technique they used to measure the output of 
lymphocytes from the thoracic duct of cats and rabbits. An abstract of 
their method follows: 
Rabbits were anesthetized with nembutal and ether and maintained in 
this state by fur,jher subcutaneous injections. As a preliminary step, the 
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trachea was cannulated and loose ligatures were placed aroung the carotids. 
A separate lateral incision was made over the external jugular vein, and this 
was dissected down to its junction with the subclavian vein. All veins were 
freed by careful dissection, keeping at the outer side of the jugular as 
much as possible. This minimized the danger of injury to the lymphatics 
which lie medial to the jugular vein. Care must be taken to avoid penetra-
tion into the mediastinum, which had been responsible for the death of sev-
eral animals. When all the veins had been freed, the main veins and all the 
tiny tributaries were tied off. Finally the innominate vein was ligat ·ed_ ~-, 
and the lymph drained by means of a cannula in the lower end of the jugular 
vein. These authors found that the thoracic duct follows a regular course 
and always enters the jugular vein on its inner border just above the entry 
of the subclavian. (See diagram.) 
This technique was attempted in collaboration with Mr. w. F. McNary, Jr., 
of the department of anatomy, with whom the following observations and modi-
fications of the original method were made. Male rabbits weighing about 5 
to 6 kgm were anesthetized with nembutal, their tracheae cannulated, and 
veins exposed as L~ the original dissection method. Large male rabbits are 
preferable because of the difficulty in dissecting the large ruf fle female 
rabbits of this size possess, and the increased probability of a larger 
thoracic duct. Nembutal intravenously, 30 mgm per kgm, is preferable to 
intraperitoneal administration because of greater control over the state 
of anesthesia. This seems to be especially important with rabbits, since 
several animals died suddenly in spite of all attempts to maintain respira-
tion. It was noted that the small inconsistent vein noted by Sanders and 
INNOMINATE VEIN 
THORACIC 
DUCT 
"' 
-
/ 
/ 
/ 
D 
3la 
~LEFT JUGULAR 
VEIN 
....,.___SUBCLAVIAN VEIN 
1. Diagram of the thoracic duct and left jugular vein in the rabbit 
(From Sanders, A. cr., Florey, H. w., and Barnes, J. M., Brit. J. 
Exptl. Path.,~~ 254-263 (1940)). 
2. The left cervical duct may join the thoracic duct as at ~. or it 
may enter the vein separately at ~· 
3. ~ and ~ show alternative position of the lower ligature. 
4. The small vein o is inconstant. 
5. Cannula is shown in position. 
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co-workers (see diagram) often emptied at a point just below the sternum, 
and was thus difficult to tie or clamp off without causing a pneumothorax. 
Of the first eight attempts only one was partially successful, either 
because of the death of the animal or failure to obtain a lymph flow uncon-
taminated with blood. It was discovered that by t ying off all the veins 
that could be reached the lymphatic vessels of this area could be seen in 
a dilated pouch formed by the accumulation of lymph. Elfing alongside, 
medial and deep to the external jugular vein, was a fairly constant lympha-
tic ~a±ning the head areas, which could be followed to its junction with 
the main lymphatic duct. The thoracic duct was generally posterior to the 
junction of the internal and external j ugular vein, and varied in that it 
consisted at times of one main duct to as many as six smaller ones, all of 
which opened into the junction of the two jugulars. Once this was tr~ced, 
and the main duct found, the duct was notched with a small scissors and a 
small polyethylene tube (o.d., 1.02 mm, i.d., 0.48 mm) inserted for a dis-
tance of about 0.8 em. The tubing usually remained in place without tying. 
Both the tube and collecting test tube were wetted with heparin to prevent 
clotting. To obtain and maintain a rapid flow of lymph, massaging of the 
abdominal wall and the extremities was necessary. Successful direct thor-
acic duct cannulations were performed on 6 rabbits. Failures were encoun-
tered only in those rabbits who either had a main duct divided into several 
branches above the mediastinum or had a duct too small for direct cannula-
tion. The average yield of lymph was 36 ml and the average total lympho-
cytes collected in the period was 1.1 x 109. (The experiments were termi-
nated when the lymph flow became minimal-about 4.5 hours.) 
33 
4. Lymphocytes from I;YmPh Nodes 
-
Farr (27} has separated lymphocytes by freeing popliteal lymph nodes 
from fat and connective tissue and cutting them into small pieces into 
Tyrode 1 s solution, and then passing the coarse suspension through gauze. 
This gave a relatively debris-free suspension of cells, and contained 95 
per cent lymphocytes and 5 per cent erythrocytes. Brauer and Hardenbergh 
(7) have separated lymphocytes from teased lymph nodes by layering a sus-
pension of cells over isotonic bovine albumin and centrifuging. Both of 
these methods were tried and completed successfully. 
5. Mixed Leukocytes from Whole Blood 
Until recently the only good methods available for obtaining leukocytes 
from whole blood consisted of fractional centrifugation of the supernatant 
plasma where the sedimentation rate was rapid, or by isolation of the buffy 
coat following centrifugation of heparinized whole blood. The yields in 
these methods are not quantitative and are contaminated with red cells and 
platelets. In 1947, the first of a series of new isolation methods appeared 
in the literature (68}; however, none of these methods fulfills the ideal 
separation technique, that is, obtaining pure uncontaminated leukocytes 
from ~mole blood, or, better still, pure viable cell fractions of each 
leukocyte type. 
Vallee and his associates (104) proposed separation of human leukocytes 
by flotation on serum albumin, utilizing the difference in specific gravity 
of leukocytes and erythrocytes (density: red cells, 1.092; leukocytes, 1.065; 
platelets, 1.030). On centrifugation the erythrocytes fall through the 
albumin, while the leukocytes collect at the plasma-albumin interphase. 
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Singer and co-workers (97} suggested the use of gramicidin and lysolecithin 
for the preparation of morphologically intact leukocytes. ltinor and Burnett 
(68} were the first to use fibrinogen for the isolation of leukocytes by 
the acceleration of erythrocytes sedimentation. They have also used this 
technique for a micro isolation of polymorphonuclear leukocytes (69) . In 
1950, Buckley and co-workers (8) improved upon the use of fibrinogen in 
separation procedures. Spear (99) advocated the use of gum acacia for leu-
kocyte separation. This method is also based on differences in specific 
gravity of the formed elements, but is less expensive than the other meth-
ods. Li and Osgood (56) applied the non-blood group-specific phytohemagglu-
tinin from red beans (Phaseolus vulgaris ) as a rapid reagent for the separa-
tion of intact leukocytes. Anlyan and associates (1) , having little suc-
cess with some of the previous methods, did a preliminary separation by 
centrifugation, and then a final centrifugation in cellophane tubes. These 
tubes were frozen, and the huffy-coat portion cut off with a razor. How-
ever, this method does not permit counting of the isolated cells. Tullis 
(102) used dextran and other plasma volume expanders as rouleau-forming 
agents for increasing the rate of erythrocyte sedimentation. Tullis also 
reported on the latest mechanical refrigerated equipment for the large 
scale separation and purification of leukocytes and platelets. Minor and 
Burnett (70) have also used dextran in their separation and concentration 
of platelets from whole blood. 
It is not possible to obtain purity of either white cells or red cells 
by rouleau techniques. A single sedimentation of those types already listed 
will reduce the usual 1000:1 ratio of red cells to white cells to a ratio 
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of about 1:1. Tullis has noted that when the erythrocytes become too widely 
dispersed to form proper rouleau, no amount of sedimenting agent will cause 
further aggregation. Thus, techniques for improving purity by secondary 
rouleau-forming have met with little success. The use of a jack-bean extract 
by Li and Osgood (56 ) yields a higher purity of leukocytes, and is based on 
aggregation of the erythrocytes rather than rouleau formation. Tullis (102) 
has suggested that to increase the purity of the separated leukocytes, the 
sedimentation time should be extended, the sedimented erythrocytes removed 
so that the leukocytes start settling out, and the cell mass transferred to 
a protein-f ree medium to allow a secondary settling to occur. With this 
method, one can obtain a white to red cell ratio of about 50:1. However, 
the leukocytes are clumped in small ~egates by this process and can not 
be completely disengaged by agitation. 
In this investigation several of these tecpniques were applied to man, 
dog, and rabbit's blood to determine which would produce the greatest 
degree of leukocytes purity. It was desired to find or adopt a method that 
was relatively simple and fast, which did not clump the isolated cells and 
would thus permit counting, and which did not increase significantly t he 
metallic contaminants of the suspension. As was noted in t he section on 
peritoneal exudates, varying degrees of erythrocyte contamination occurred, 
and attempts to remove them by lysing agents were unsatisfactory. Differ-
ential centrifugation and agglutination methods were equally unsuccessful, 
as were the usages of gum acacia, fibrinogen, and dextran sedimentation 
methods. Changing the density of the suspension by resuspending the cells 
in their own plasma had no effect. As was later noted by Tullis (102}, the 
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use of rouleau-forming agents in this instance was doomed to failure because 
of the relatively large distance between erythrocytes. 
Some purified phytohemagglutinin was kindly furnished by Dr. D. A. Rigas, 
University of Oregon Medical School, for use in these studies. This reagent 
appeared to fulfill all basic requirements--that is, it was rapid, requir-
ing only 90 seconds' centrifugation, it helped minimize possible contamina-
tion since only 0.1 rngm per 10 ml of whole blood were needed, and it elimi-
nated 99 per cent of the original erythrocytes while 77 per cent of the 
total leukocytes were recovered. The original study of Li and Osgood (56) 
on this non-blood-group-specific agglutinating agent was performed on human 
blood, but the authors state that it worked equally well with other animal 
blood. This method gave satisfactory results with human whole blood, but 
was entirely unsuccessful on the samples of dog and rabbit blood tested. 
Micro agglutination tests on rabbit blood were positive, but larger scale 
testing methods were negative. In an attempt to obtain agglutination with 
this technique, the ratio of phytohemagglutinin to whole blood and the time 
of centrifugation ~ varied, and several anticoagulants (heparin, citrate, 
~ate, and llliquoid11 ) were used on the chance that these might influence 
the process. However, none of the modifications were successful on the 
samples tested. Two other non-blood-group-specific agglutinating agents 
obtained from lyophilized extracts of samples of rust-proof golden wax 
beans and golden cluster beans (kindly supplied by Dr. B. M. Pitt of the 
department of biochemistry) were also unsatisfactory on rabbit blood. 
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Tullis 1 dextran method (102) was used in the early phases of this 
investigation. Human blood separations were satisfactory, but rabbit blood 
gave very erratic results. The fibrinogen method (8) was modified and 
used satisfactorily with fairly rapid and simple technique. The modified 
procedure follows: 1.000 grams bovine fibrinogen were dissolved at 37 C 
in 25.0 ml doubly distilled water. To this were added 2.8 ml of a 2 per 
cent Triton-saline solution. To 21.0 ml of this solution in a siliconed 
test tube were added 50 ml whole blood. The red cells were allowed to 
sediment for approximately 35 minutes, or until red cell volume was less 
than 40 per cent. Leukocytes were removed, resuspended, and washed 3 times 
with isotonic saline. Red cell and white cell counts were done in dupli-
cate with standard hemocytometer techniques. Smears were stained with 
Wright's stain, and a miniDwn of 200 cells were counted for differential 
counts. 
In this study, rabbit blood was always obtained by cardiac puncture. 
To eliminate the possibility of trace metal contamination by the needle 
hub and syringe adaptor, these were removed and a stainless steel needle 
tip was fitted to the syringe by a small piece of polyethylene tubing. 
Fortunately, the diameter of the orifice of a 50-ml syringe and an 18-gauge 
needle vary only slightly, and they may be joined without necessitating the 
use of cement by joining two small pieces of polyethylene tubing of slightly 
different size. 
All glassware used in collecting and separating blood was siliconed, 
since platelet disintegration and leukocyte damage probably occurs when 
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blood is collected in containers with wettable surfaces. Methyl silicone 
polymers have an extreme water repellancy, and when chemically active by 
the presence of chlorine attached to siliconeatoms, they can be attached 
readily to surfaces. 
CH3 
l 
CH3 I 
-o Si o --si -
~ r 
CH:3 CH:3 
Thus, if in this compound some of the oxygen were replaced by chlorine, the 
resulting compound would react with any surface having hydroxyl groups in 
its structure or having a film of adsorbed water. Silicones applied to 
glass in the vapor phase consist mainly of dimethyl dichlorosilane, while 
liquid silicones are mainly high boiling liquids which have an active 
chlorine in their composition. Both types provide a methyl silicone resin 
surface to glass by splitting out hydrogen chloride. A vapor silicone 
(G. :E. Dri-Film 9977) was applied as suggested by Tullis and Rochow (101). 
It was found that the application of a non-wettable surf ace to gl ass ~dth 
a vapor sili cone was superior than applying liquid silicones. 
All glassware to be siliconed was washed and thoroughly rinsed, dried 
for 2 hours at 120 C, and allowed to stand overnight at room temperature. 
The coating was applied by placing about 30 ml Dri-Film in a gas washing 
bottle, slowl y bubbling air through it, directing the result ant vapor at 
each piece of glassware for 5 to 6 seconds, and then removing the excess 
methyl chlorosilane by a compressed air stream. The glassware was then 
rinsed thoroughly to free it of hydrochloric acid, and ready f or use. The 
silicone layer was removed after use by exposing the glassware to a 10 per 
cent solution of sodium hydroxide for 2 hours. 
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D. Versene and DNA-Treated Animals 
To test the possibility of leukocyte and erythrocyte zinc being removed 
by chelating agents, rabbits were treated with versene. In addition, 
phosphatase levels were measured in an attempt to ascertain whether a 
relationship exists between these enzymes and zinc concentration. Normal 
rabbits were injected intravenously, or intraperitoneally, with approxi-
mately 6.0 ml of a 1 M solution of calcium disodium versenate per day 
for 9 days. The animals were fasted overnight, and blood samples were 
obtained by cardiac puncture. 
The question arose as to whether there was any difference in the 
phosphatase and zinc distribution of mature and immature granulocytic 
leukocytes. In order to produce immature cells, the bone marrow was 
stimulated by desoxyribosenucleic acid (DNA), removal of successive 
intraperitoneal exudates, and by the action of trypsin administered 
intravenously. Of these methods, the DNA produced the largest nwnber 
of immature cells. Fasted normal rabbits were injected subcutaneously 
with 25 mgm of sodium deso:xyribosenucleic acid in 3 ml of saline. This 
dose was repeated after a 5-hour interval, and the animal was bled 4 
hours later. 
E. Histochemical Procedures 
1. Animals 
Except where otherwise specified, all tissue sections were obtained 
immediately after death from normal laboratory animals. As noted in the 
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previous section, rabbit polymorphonuclear leukocytes were obtained from 
peritoneal exudates, lymphocytes from direct cannulation of the thoracic 
duct and f rom teased lymph nodes. l!LKed leukocytes were isolated by t he 
centrifugation, fibrinogen, or phytohemagglutinin method. Other tissues 
were obtained from animals >vhich had previously been treated as follows: 
a. Suspensions of zinc oxide were injected subcutaneously into 
adult rabbits and rats, and aft er 24 hours tissue spreads were removed 
from the sites, stained, and studied. 
b. The marginal ear vein of adult rabbits was used in this e.x:p3ri-
ment, and all experiments requiring intravenous injections, for the admi-
nistration of zinc acetate. Berfenstam (4) reported that rabbits can 
tolerate large i.v. doses of zinc and that he has administered 10 mgm of 
zinc acetate per kilo. of body weight. Two rabbits~re given this dose 
on 4 successive days, killed, and pieces of various organs r emoved f or 
study . 
c. Kodota 1 s method (51} was followed f or the intravenous adminis-
tration of dithizone. He used 100 t o 200 mgm of dithizone in 10 rnl of a 
0 .2 to 0.5 per cent solution of ammonium hydroxide vmich had been previ-
ously heated to 70 C. To obtain maxi nrum solubility, the mixture was then 
heated for 10 minutes , cooled, filtered, and used. 
d. The quantities of cobaltous chloride gi ven intravenously were 
those suggested by Goldner and his associates (35). 
2. rrissues 
Tissue sections were obt ained as f ollows: Small pieces of tissue 
were fixed in absolute ethyl alcohol or cold acetone, cleared in xylol, 
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ini'iltrated vdth paraffin, imbedded, and cut at 6 micra. The sections were 
deparaffinized with xylol, and passed through alcohol of graded concentra-
tions to distilled water. Some fresh unfixed tissues and formaldehyde-
fixed tissues were cut at l5 micra on a freezing microtome. 
Frozen-dry sections were prepared to compare differences in staining 
properties with the older fixation methods. This was accomplished by 
freezing small sections of tissue, placing them in a test tube containing 
solid paraffin, and drying at appro.xima.tely -30 C for 48 hours. The 
freezing-drying apparatus consisted of a series of large test tubes 
immersed in a glycol-~~ter bath at -30 c, which were attached to a glass 
manifold. This was in turn attached to a dry ice-alcohol trap and a 
vacuum pump. After 48 hours the paraffin was melted, deaerated, and soli-
dified to imbed the tissues. The tissues were then treated as in the pre-
vious section. 
3. staining Methods 
For identification and comparison, all blood and cell smears were 
first stained with Wright's stain, while tissues were stained with hema-
toxylin and eosin. 1imere counterstaining was used after prior application 
of other reagents, Harris' hematoxylin was employed. Chauncey's dithizone, 
and Okamoto's dithizone and dithizide, procedures were applied to the 
various tissues studied (ll, 80). 
a. Chauncey's method: Smears were fixed in absolute methyl alcohol 
and dried. The slide was then covered with a dithizone solution containing 
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60 ml of 0.01 per cent dithizone in acetone and 40 ml of double-distilled 
water. (Slides should not be immersed in a Coplin jar.) After the solu-
tion had changed from a green to a yellow-grey (5 to 10 minutes), they 
were rinsed in distilled water and dried. This application was repeated 
when necessary. To remove excess dye, the slide was then rinsed with 
chloroform until the solvent remained colorless. The smear was then 
dried, rinsed with water, dried, counterstained, and mounted. (Of course, 
when tissues were used they were not allowed to dry completely.) 
b. Okamoto 1 s method: Sections were immersed at room temperature in 
the following mixture for 2 to 3 hours or more--
Dilute ammonia water (pH 8.3 to 8.9) - 50 ml 
Solution of saturated diphenylthiocarbazide in 60 per cent 
alcohol - l to 3 ml. 
The dithizide solution was used during the 2 to 4-day interval after pre-
paration. The author stated that if it were used before 2 or after 4 days, 
the reagent was less suitable. The sections were rinsed in running water, 
counterstained, and mounted. 
Alternate procedure: Technique was exactly as above, except a freshly 
prepared saturated solution of diphenylthiocarbazone in alcohol was used. 
Differentiation: (a) The same solutions and techniques were employed, 
except that a l per cent aqueous solution of ammonium chloride in dilute 
ammonia water at pH 8.4 to 8.9 vms used. (b) As in (a), except that a 
1 per cent solution of ammonium carbonate adjusted to pH 8.4 to 8.9 was 
used. 
Kurata's method (75), as quoted by Gomori (36), vms followed for the 
identification of carbonic anhydrase in various tissues. This method, 
43 
however, seemed to vary from a translation of the original Japanese article. 
This discrepancy may account for the results obtained with this technique. 
Unfortunately, a letter of inquiry to Japan has not to date been answered. 
Gomori's method (36) was used for the identification of acid phosphatase 
activity. 
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III. HISTOCHEMICAL DETECTION OF ZINC 
A. Introduction 
To elaborate in the physiological significance of zinc in leukocytes 
through a study of its localization and binding, Chauncey's (ll) and 
Okamoto's (80) methods were used for the histochemical identification of 
zinc. Because of the difficulties in handling and studying leukocytes, 
preliminary studies on more readily investigated zinc-containing tissues 
were made and then the findings applied to lelli(ocyte preparations. 
Chauncey's technique, which employs a dithizone-acetone-water solution, 
can not be considered as being specific for zinc, because of the general 
reactivity of the dye with trace metals. Okamoto has stated that either 
his dithizone or his dithizide method could be used to differentiate 
between zinc and other metals. 
B. Frozen Sections 
As a preliminary screening process, frozen sections were made of 
various tissues and stained with Chauncey's dithizone method (ll). Sec-
tions of rabbit pancreas and prostate and human prostate produced posi-
tive reactions with dithizone. Various sections of pancreas showed red 
areas with purple granules only in the cells of the islets of Langerhans, 
while the acinar cells were unstained. The cells of the secretory por-
tions of both rabbit and human prostates showed a distinct red-orange 
color with red-purple granules in both the cytoplasm and nucleus. The 
45 
connective tissue was unstained, while the skeletal and smooth muscle were 
a very diffuse light pink. 
Sections of the following rabbit organs did not stain with dithizone: 
small and large intestines, adrenal, popliteal and intestinal lymph nodes, 
and liver. Touch preparations of lymph nodes were made by lightly touch-
ing fresh nodes to a slide. The lymphocytes thus obtained were unstained 
after application of the dye. In this study, tissues which did not produce 
a definite color reaction in a localized area were considered essentially 
negative. Thus, while some sections produced a very light diffuse pink 
color throughout the section and contained stained erythrocytes {a homo-
geneous orange-red), they were included in the group of non-reacting tis-
sues. In addition to this diffuse staining, sections of the adrenal gland 
were also distinctly stained in areas containing sudinophilic material. 
Adipose tissue was stained either bright orange-red or green, but both 
colors were never observed in the same section. 
In all tissue work using Chauncey 1s or Okamoto 1s methods, it is 
important to avoid mistaking precipitated dye for tissue granulations. 
There appeared as colored needle-like crystals, which exhibited consi-
derable size variations. 
c. Paraffin Sections 
In Table II are swnmariz.ed the results of staining paraffin-sectioned 
tissues with dithizone by the method of Chauncey. Some of the tis sues 
listed as not reacting produced an over-all diffuse light pink and con-
tained stained erythrocytes. Sections of the adrenal gland, kidney, and 
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liver of both rabbit and rat did not react with this method. Sections of 
both small and large intestines of man~ rabbit~ and rat were also negative. 
A specimen of human mammary gland did not react~ but the sweat glands in 
a section of skin produced a slight reaction with the dye. All sections 
of stomach and prostate of the species studied (dog ~ human, monkey~ and 
rabbit) produced positive results with dithizone. 
In every section of stomach studied (dog, human, monkey, and rabbit) 
a positive reaction was produced in the epithelial cell areas. The color 
formed varied from a light pink to an intense red-orange, but in each 
instance the parietal cells possessed a darker red cytoplasmic staining 
than the neighboring cells, plus red granlliations (fig. 1,~ 
As was noted with the frozen sections, prostate sections were positive 
only in secretory tis sue areas. The cytoplasmic stain was usually most 
intense at the peripheral portions of the section, and in all areas the 
apical port ions of these secretory cells were often most deeply stained 
(fig. 2). Portions of both the anterior and posterior lobes of the pros-
tate of dog, man, and monkey were studied. Because of the position and 
size of the rabbit prostate, it could not be anatomically dif ferentiated 
into distinct anterior and posterior lobes. In none of the sections 
studied were any differences noted in the dithizone-staining properties 
or the anterior and posterior lobes obtained from the same animal. The 
amount' of stainable tissue per unit area in any prostate section was a 
function of the quantity of secretory tissue present. 
To compare Okamoto's method (00} with the results obtained with 
Chauncey's procedure (11}, selected slides were stained v~th Okamoto's 
46a 
TABLE II 
PA.W'FIN SECTIONS STAINED WITH DITHIZONE 
Tissue Human Rabbit Rat 
--
Adrenal gland H (-) 
Small intestine (-) (-) (-) 
Large intestine (-) (-) (-) 
Kidney (-) ( -) 
Liver (-) (-) 
Mammary gland (-} 
Prostate (t) (+) 
stomach (+) (+) 
Sweat gland (t) 
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dithizide method. The results obtained were similar to those previously 
observed. Thus, the dog, monkey, and rabbit prostate sections gave res-
ults comparable to the dithizone method, but sections of dog stomach did 
not stain as well. To compare these results with those of more concen-
trated solutions, saturated dithizide in alcohol was placed undiluted 
directly on other sections of these tissues, and removed after 10 minutes. 
The results were as observed with the original Okamoto dithizide-staining 
procedure, except t hat the parietal cells of the dog stomach were now more 
intensely red and contained more granules. A 0.01 per cent solution of 
dithizide in 60 per cent acetone did not react with any of the above 
prostate and stomach sections. 
D. Frozen-Dry Sections 
Frozen-dry sections of various organs were prepared, because in the 
fixation of tissues for paraffin sectioning there is always the possibi-
lity of the migration of some of the cellular constituents or even their 
complete loss into the fixation fluid. The results obtained by staining 
these sections with Chauncey's and Okamoto's methods (11, 80) were simi-
lar to those previously observed. Thus, rabbit stomach, pancreas, and 
prostate and dog stomach were positively stained in the same areas as in 
the regular paraffin sections 1 while sections of rabbit ,-liver, kidney 1 
and adrenal remained unstained. 
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E. Differentiation Studies 
1. Specificity 
Since a dithizone-acetone-water solution will stain a number of metals 
as well as adipose tissue present in frozen tissue sections, the dye in 
this solution is non-specific. To prove that positive reactions in the 
areas of the stomach and prostate that stained with dithizone were caused 
by metallic constituents, various sections were covered for 15 minutes with 
a solution containing 2 mgm/ml of "versene acid" (EDTA), rinsed with water, 
and then stained with dithizone. As a control, other paraffin sections 
were treated similarly and stained with hematoxylin and eosin. Two sections 
each of dog stomach and prostate, prepared from different animals, did not 
stain with the dithizone solution after the above 11versene 11 treatment (fig. 
i v). The hematoxylin and eosin sections were normal in all staining pro-
perties. Since ·EDTA is a non-specific metal chelating agent, it was con-
cluded that the areas staining with dithizone in these tissues were pro-
duced by metallic constituents. 
As a further test of the ability of the dithizone solution to stain 
intracellular metals, rabbit and rat connective tissue spreads were stu-
died with and without intracutaneous injections of zinc salts. Connec-
tive tissue spreads from uninjected animals contained bright red stained 
adipose tissue, and capillar,y erythrocytes which were an orange-red. Con-
nective tissue eosinophils had purple-red granules, fibroblasts had some 
extremely fine purple granulations, but the macrophages were unstained. 
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Spreads removed from the injected animals had brightly red-stained areas 
at the site of the zinc injections, tissue nmcrophages with large intra-
cellular red-purple granulations , and neutrophils containing a red cyto-
plasm and an occasional granule. Other cells stained as in the uninjected 
preparations. Sections removed at increasing distances from the sites of 
the zinc injections contained decreasing numbers of stained macrophages 
and, f inally, completely unstained ones. It was concluded that zinc salts 
phagocytized by tissue nacrophages could be stained with a dithizone-
acetone-v~ter solution and that this solution could probably penetrate 
cellular membranes to stain available metals. 
Chauncey (ll) had noted that max::i.murn intensity of stain in leukocytes 
was obtained vmen the ratio of the 0.01 per cent dithizone-acetone solu-
tion to water ¥ms 6:4. It was found that this ratio is much less criti-
cal. A range of 30 to 80 per cent dithizone-acetone to water gave good 
results on the positive staining tissues. 
2. Preparation of !'!: dithizone complex-forming solution 
11 Trace11 quantities of zinc ion may be extracted and analyzed 'nithout 
interf erence f rom other ions by employing a buffered complex-forming solu-
tion. To incr ease the specificity of the dithizone reaction in tissues, 
a similar solution was prepared. Initial trials using varying r atios of 
0.01 per cent dithizone in acetone, water, a 20 per cent potassium sodium 
tartrate solution, and a pH 5.5 complex-forming buf fer (see page 25), 
resulted in the formation of a yel low two-phase system. This was probably 
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a salt effect, since a yellow one-phase system could be maintained by 
decreasing the final concentration of the salts. By empirically studying 
the effect of pH on the behavior of the dithizone-acetone solution in 
water and in the presence of the complexing salts, the follovdng were noted~ 
a. The change in color of the dithizone solution f rom gr een to yellow 
was probably caused by the dissociation of dithizone at elevated pH . In an 
aqueous solution, dithizone (green) acting as a monobasic acid ~dll disso-
ciate into the monovalent (keto) dithizonate (yellow} ion and hydrogen ion 
(Dz c:::::_ Dz- + H+). Thus, if the dissociation of dithizone is f avored 
by neutralization of the di ssociable hydrogen ion, the greater will be 
the concentration of the yellow dithizonate ion. This conversion was 
observed by adding dilute alkali to the dithizone solution . Up to a pH 
of 6 .0, the dithizone solntion remains green; from pH 6 .0 to 7.0, it was 
yellow-brown , and yellow above 7.0. 
b . The addition of the complex- forming buffer to dithizone solutions 
always resulted ~n t he f ormation of the yellow dithizonate ion. The pH 
of these solutions was al~s above 6 .0; the addition of acid reconverted 
the dye back to the green, undissociated form. 
c. To obtain a complex-forming solution of' dit hizone at pH 5.5, it 
was f ound best first to adjust the pH of the dithizone-acetone-v~ter sol-
ution to a pH of 3.7 and then to add the tartrate and buffer solutions. 
The dithizone solution finally adopted was prepared in multiples of 
the f ormula listed below~ 
a. 24 ml of 0.01 per cent dithizone in acetone and 18 ml of distilled 
water were adjusted to pH 3.7 with l N acetic acid using a Beckman pH meter. 
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b. 5.8 ml of the pH 5.5 complex-forming buffer and 0.2 ml of 20 per 
cent sodium potassium tartrate solution were added with stirring. 
The resulting solution is red in transmit ted light and green-blue in 
reflected light. 
~ Application of ~ dithizone complex-forming solution to various 
tissues as a specific stain for zinc 
To t est the selectivity of the dithizone complex-forming solution 
(Dz. CFS), various tissue sections were compared after being stained with 
this solution and with the regular dithizone-acetone-water solution (dithi-
zone solution}. The tissues studied were: (a) sections from normal ani-
mals, (b) sections from normal animals which had been previously soaked 
with solutions containing mercuric, cobaltous, cupric, or ferrous salts, 
and (c) sections, from animals, which had received intravenous injections 
of cobalt or zinc salts. 
a. Normal animal tissues. The sections of dog, human, monkey, and 
rabbit stomach and prostate which previously had shown positive staining 
with the dithizone solution were changed when stained with Dz. CFS. .All 
sections were still positively stained in the same areas, but the stain 
was now more localized. Thus, stomach sections were altered only in that 
the parietal cells were more pronounced because of the loss of some of 
the red color in the neighboring epithelial cells. The secretory tissue 
of all the prostate sections was changed in that the over-all intensity 
of the stain was now lighter. Where previously both the nucleus and 
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cytoplasm was a red-orange color with purple granules, the n~cleus was now 
unstained (fig . iii). To compare these results with those obtained at an 
alkaline pH, sections of dog stomach were stained with a solution contain-
ing 6 parts of a 0.01 per cent dithizone in acetone and 4 parts of a pH 
8.5 borate buffer. The tissues vrere positive, but lighter than vdth Dz. 
CFS. Gomori (36) has suggested using Okamoto's dithizide method with a 
pH 8.5 borate buffer. 
Sections of stomach and prostate stained with Dz. CFS in the absence 
of tartrate ion showed no deviation from the observations noted with tar-
trate present. · As a further elimination of the possibility of any ferrous 
ion adding to the dithizone color reaction, sections of dog stomach and 
rabbit stomach and small intestine (from an animal which had received zinc 
acetate intravenously) produced a negative reaction on testing for iron. 
As a control, a section of spleen showed a positive reaction for iron by 
forming the distinctive Turnbull's blue. 
b. Tissue soaked with various metallic salts. Sections of pancreas 
previously fixed in Zenker's fluid showed an over-all orange color with 
the dithizone solution, but the acinar cells were completely unstained 
after application of Dz. CFS. Thus, Dz. CFS prevented the interaction of 
mercuric ion with dithizone. 
Tissue sections of pancreas, stomach, and small intestine, previously 
incubated at 37 C foe 45 minutes in 10 ml of 10 per cent cobaltous chloride, 
produced a very dark brown-red with the dithizone solution and a much 
lighter stain after treatment with Dz. CFS. Thus, for the concentration 
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of cobaltous ion present in the sections studied, Dz. CFS could not completely 
remove the effect of this metal. These sections of pancreas, stomach, and 
small intestine were originally prepared for application of Kurata's method 
for the histochemical localization of carbonic anhydrase (75). Following 
the directions given in Gomori 1s text (36}, pieces of rabbit intestine, 
pancreas, stomach, and kidney were studied. The results obtained with 
this method were very poor and apparently non-specific. .Although very 
thin, small pieces were used, evidently penetration did not occur uniformly 
as areas showed a great variance in their reactivity. The parietal cells 
of the stomach were suggestive of giving a reaction, but the intensity 
of the brown color was such that no positive conclusions could be reached. 
The other tissues gave a generalized brown to black color, but this was 
entirely non-specific and again dif ficult to interpret. 
Sections of prostate, liver, and pancreas were covered for 10 minutes, 
directly on the slide, with varying amounts of a 0.5 mgm/ml cupric or 
ferrous sulphate solution. In all instances dithizone solution reactions 
.~th cupric ion formed a dark brown color in all portions of the tissue, 
while with ferrous ion a rose-red color was produced (fig. vi). Applica-
tion of Dz. CFS to these sections always significantly decreased the inten-
sity of the stain, but only when the metal ion concentration was less than 
0.05 rngm per slide was the Dz. CFS stain similar to that produced without 
prior soaking (fig. vii}. 
c. Tissues from animals after cobalt and zinc administration. studies 
of sections of adrenal, liver, pancreas, and prostate from a rabbit into 
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~nich cobaltous chloride had been injected intravenously did not stain 
dif ferently f rom that observed with normal animal tissues. However, since 
only very slight degeneration occurred in the islets of I.angerhans (contrary 
to the observations of previous investigators (35)), a deviation in dithi-
zone staining might have occurred with higher levels of cobaltous chloride. 
Sections of rabbit pancreas and stomach from 2 animals given zinc 
acetate intravenously were similar in staining properties to tissues from 
uninjected animals. However, different sections of large and small intes-
tines from these treated animals contained epithelial cell areas stained 
a bright red-orange with red granulations, connective tissue stained a 
light pink, while goblet cells were unstained. (Normal sections were a 
dif fuse pink (see figs. vii and viii) .) All sections possessed the great-
est concentration of color in the surface epithelial cells, while the small 
intestines had a greater over-all and surface cell intensity of stain than 
the large intestines. After Dz. CFS staining, these sections had a lighter 
coloration in connective tissue areas and a diminution in the amount of 
granulations in the epithelial cells. Four dif ferent sections of l ar ge 
and small intestines stained by Okamoto's dithizide method produced res-
ults comparable to those observed with the dithizone solution. 
4. Okamoto's differentiation method 
Okamoto has stated (80} that tissues showing positive stain for zinc 
will not react when a dithizone or dithizide solution at pH 8.3 to 8.9 
and containing l per cent ammonium chloride is utilized. On applying 
this differentiating method using the two solutions to two sections of 
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dog prostate, the results produced were similar to those observed vdth the 
dithizone complex-forming solution. A section of dog stomach treated ~Qth 
Okamoto 1 s dithizide solution containing ammonium chloride remained unstained 
in all areas except in the parietal cells. I ntestine sections from one 
rabbit given zinc intravenously were stained a very diffuse brown-red in 
all~eas when stained with this method. These slides had a much darker 
stain in connective tissue and muscle areas than with dithizone solutions, 
and had the appearance that the zinc had diffused into these areas • 
.2.!_ Degree of binding of zinc in various tissues. 
Sections of dog , monkey, and rabbit prostate and stomach were covered 
for 10 minutes with distilled water or with undiluted pH 5.5 complex-
forming buffer and then stained with dithizone complex-forming solution. 
These slides were then compared with untreated Dz. CFS stained sections. 
Tissue ·sections soaked with water were slightly light.er in staining inten-
sity than untreated sections, while those treated with the complex-forming 
buffer were very lightly stained or essentially unstained. Vfuile these 
experiments were by no means conclusive, it can be generally stated that 
the zinc in the tissues studied can be removed by soaking . These results 
were in accord \dth previous observations that tissue sections prepared by 
dry-mounting were more intensely stained than when wet-mounted. Because 
of the differences in the degree of binding of zinc in tissues, some of 
which being associated with carbonic anhydrase and therefore dialyzable, 
no differentiation could be made between areas in a given section which 
contained the enzyme or the metal combined with other substances. 
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F. Discussion of Tissue Results 
Fr om a consideration of the results of the phagocytosis, EDTA, and 
metal ion experiments, it was concluded that the staining properties of 
the tissues studied with dithizone complex-forming solution were specific 
for zinc. All tissue experiments reported in this investigation were 
performed on a minimum of four dif ferent sections obtained from at least 
two animals. Many of the metals which react with dithizone can be dis-
tinguished from zinc by differences in their color reactions. The abso-
lute metal ion levels that could be prevented from interfering when Dz. 
CF.S was employed could not be determined since the amount which penetrated 
into the tissue during soaking was not lmown. 
Tissue reactions in the animals administered zinc intravenously sub-
stantiated the hypothesis that excess zinc is probably excreted by the 
intestines (66) . From a comparison of the intensities of staining, it 
would appear that the small intestines excreted more than the large intes-
tines. However, this is probably a variable process which would change 
with dosage, levels of the sections studied, time of removal of the tis-
sues, and so forth. stainability of normal intestine probably varies 
with degree of body saturation, thus being similar to fecal excretion. 
Several investigators (29, 64, 65} have noted differences in the 
quantitative levels of zinc, carbonic anhydrase and acid phosphatase 
activity in the anterior and posterior lobes of the prostate in dif ferent 
animals and in prostatic carcinoma. The findings that the amount of 
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metallic stain in the prostate was a function of the amount of parenchymatous 
tissue present verify Fisher and Mawson's (64} observation that high zinc 
content was associated vdth areas of organized secretory tissue. Although 
acinar cells of the pancreas and cortex of the kidney have been reported 
high in carbonic anhydrase (37), neither area stained with dithizone. No 
attempt was made to stain these tissues after prior treatment with reagents 
which might release the enzyme or the metal from these areas. 
SUccessive recrystallization, melting point determinations, and chemi-
cal studies showed that dithizide (Eastman} contained two components, a 
white crystalline solid which melted at 147 to 154 C to a green liquid and 
black residue, and a lesser grey component which reacted similarly at 156 
to 160 C. This latter component produced a green solution in alcohol, as 
does pure dithizone. Solutions of both produced brown precipitates with 
copper ions. The grey phase formed an immediate red-purple precipitate 
with zinc ions, while the white component and the original dye only pro-
duced a red solution. Both solutions reacted \v.itg magnesium ions to form 
a white precipitate. Since dithizone is unreactive to this metal and 
forms complexes rather than precipitates with a number of metal ions, it 
was assumed that dithizone was not one of the components. On standing at 
room temperature for approximately 40 minutes, solutions of both the ori-
ginal dithizide and white crystalline component produced precipitates 
with zinc and magnesium solutions. The observed differences in reaction 
characteristics may explain why Okamoto suggested that the dithizide solu-
tion be used between the 2 and 4-day interval after preparation. This 
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dithizide solution changes slowly from yellow to green and then is most 
reactive. The same effect can be observed by adding the dye to hot alco-
hol. The resulting solution, when used in tissue studies, produced reac-
tion identical to those produced vmen the dye is prepared and used accord-
ing to Okamoto's directions. 
Okamoto's data concerning the use of dithizone or dithizide solutions 
for the detection of zinc in tissues have been verified. However, the 
application of his differentiating methods and their possible chemical 
basis have not been verified. Dithizone or dithizide solutions containing 
ammonium chloride or carbonate were claimed to give negative reactions 
with tissue zinc; however, as shovm in various tissue studies, this was 
not substantiated. Test-tube experiments with dithizone and dithizide 
solutions containing ammonium chloride or carbonate also reacted with 
zinc and cadmium ions. Zinc, when complexed as the ammoniate , citrate, 
oxalate, or zincat~will react vdth both d.ithizone and dithizide. These 
observations are in accord vdth values for the dissociation constants of 
zinc ammoniate and dithizonate . The K value for the dithizonate is 
0.8 x lo-20 , and for the ammoniate, 2.6 x lo-10• Hence, dithizone should 
displace the ammoniate and complex with zinc. This was observed in experi-
ments with stained sections. 
A comparison between Okamoto's methods and the d.ithizone solution and 
dithizone complex-forming solution methods for the differentiation of 
zinc from other metals shows that: (a) the dithizone and Dz. CFS methods 
are much shorter than Okamoto's methods; (b) the dithizone and Dz. CFS 
solutions can be used immediately after preparation, while Okamoto's 
dithizide solution should be stored bef ore use; (c) the dithizone and 
Dz. CFS solutions produce more intensely stained tissues and are more 
specific than Okrunoto 1 s methods; and (d) slides stained by both methods 
will fade with time, probably because they are light-sensitive. 
59 
While no special precautions were t aken to avoid possible metallic 
contamination of the tissues investigated (that is, purification of all 
solutions, use of a quartz knife for cutting sections, metal-free pyrex 
slides, and so forth), it is doubtful that this influenced the results 
reported in this investigation. Some of the very light, .. diffuse staining 
noted in various sections may have been caused by contaminating ions or 
by low zinc concentrations normally present. However, t his color was 
al>vays a light pink which excluded the possibility of the presence of the 
common contaminating ions such as copper and iron. If contaminations were 
causing the tissue reaction, it would be necessary for it always to be a 
metal which stained similarly to zinc and f or it always to localize in 
specific areas of stomach, prostate, and pancreas and not in any other 
tissues. It was concluded that this was improbable, and that the stain-
ing noted 1vas caused by zinc physiologically present in these tissues. 
G. Leukocyte Staining 
Leukocytes obtained from the peripheral blood of rabbit and man and 
from rabbit peritoneal exudates showed erratic stainLDg with dithizone. 
Human eosinophils in peripheral blood and animal connective tissue 
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eosinophils always contained brilliant red granules in their cytoplasm. 
Although many controls on the variables in the different procedures 
were made in obtaining a large number of leukocyte preparations for 
dithizone staining, no evidence could be found to explain the very incon-
sistent results. When leukoC"'.;te preparations exhibited positive stain-
ing, it was confined to the cytoplasm. 
H. Summary 
A histochemical technique specific for zinc WdS achieved by means of 
a dithizone complex-forming solution. With this solution, zinc in pros-
tate 'and stomach sections could be clearly differentiated from other 
metallic constituents. Dithizone in aqueous-acetone solution alone dem-
onstrated non-specific staL~ing in stomach, prostate, pancreas, and ery-
throcytes and fat of dog, man, rabbit, and rat. The staining of metals 
as contrasted with fat concentration of the dye was shown by loss of 
stain in tissues previously chelated with ethylenediaminetetraacetic 
acid. Staining of phagocytized zinc oxide in macrophages indicated 
penetration of the cellular membranes by dithizone. Zinc acetate given 
intravenously to rabbits showed a marked concentration of zinc in the 
epithelial cells of small and large intestine. This experiment indi-
cated that the intestines, particularly the small intestine, were a 
possible excretory route for zinc. 
Figure i. Gastric gland, normal dog, stained with dithizone. The 
parietal cells are stained red and cont ain red granules. 
The nuclei and chief cells are unstained. Green filter 
X 640. 
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Figure ii. Prostate, normal dog, stained with dithizone. Notice the 
diffuse granulation throughout the parenchymal tissue and 
the dark granules within the nuclei. Compare vdth fig . iii. 
Green filter X 640. 
Figure iii. Prostate, normal dog, stained with Dz.CFS. Staining is 
confined to the apical portion of the glandular cells, 
nuclei and stroma are unstained. Green filter X 640. 
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Figure iv. Prostate, normal dog, treated prior to staining with 
ethylenediaminetetraacetic acid. A complete absence of 
staining is evident. Green Filter X 640. 
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Figure v. Prostate, normal dog, stained with hematoxylin and eosin. 
Green filter X 640. 
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Figure vi. Normal rat liver, soaked in a solution containing 0.05 mgm 
copper and stained with dithizone. There is very heavy 
staining throughout the complete section vdth some concen-
tration along the sinusoids. Compare with fig. vii. Green 
filter X 640. 
• 
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Figure vii. Normal rat liver, soaked in a solution containing 0.05 mgm 
copper and stained vdth Dz. CFS. A diffuse stain remains 
in the section (compare with fig . vi), indicating that Dz. 
CFS has complexed most of the copper ion and prevented it 
from staining . Green Filter X 640. 
Figure viii. Normal rabbit, small intestine, stained with dithizone. 
The section is essentially negative although a diffuse 
pink stain is present throughout the tissue. Green . . 
flit er X 640. 
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Figure ix. Rabbit small intestine, stained vdth dithizone. This animal 
was given zinc acetate i.v. Distinct purple granules are 
visible in epithelium and lamina propria, with the greatest 
concentration in the columnar epithelial cells. Note the 
red blood cells in the blood vessel, lower left. Green fil-
ter X 640. 
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IV. THE DISTRIBUTION OF ZINC AND ACID AND ALKALINE PHOSPHATASE IN RABBIT 
BLOOD 
A. Zinc Distribution 
The zinc content of all blood samples ~s extracted as described on 
page 23, and calculated from the following equation (105): 
Zn X D X K 
where Zn is the zinc in JA- g in the entire sample and E525 and E625 are 
observed optical densities at 525 and 625 mft. D is equal to the dilution 
of the original extracted volume of dithizone solution. R is equal to the 
ratio of the optical densities of dithizone solut ions at 625 mr to those 
at 525 m}4 • K, a calibrati~n constant, was determined from this equation 
by extracting a series of zinc standards with dithizone. A blank and a 
zinc standard were routinely analyzed with each assay. 
The determination of the absorption curve of dithizone in carbon 
tetrachloride on the Coleman spectrophotometer showed a maximum at 625 mf' 
and a minimwn at 525 rilJ!. R values were obtained with each set of zinc 
~ssays by random dilutions of dithizone with carbon tetrachloride and 
were found to vary between 2.9 and 3.6. A typical experiment for the ana-
lysis of zinc in leukocytes is summarized as follows: 
Rabbit #154: No. cells assayed = 32.8 x 106 
E525 : 0.280 
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K = 58.2 
R 
-
3.27 
Blank - 0.93 fAg 
-
Zn - (0.280 ":" 0.699 ) 58.2 = 383 ttg -
3.27 
3 .83 - 0. 93 = 2. 90 \'- g/32.8 x 106 cells 
Zn = 0.0884 f-tg/1 x 106 cells 
Zn = 88.4 m ftg/1 x 106 cells. 
1. Polymorphonuclear leukocytes and lymphocytes 
The zinc analysis of leukocyte samples obtained from peritoneal exudates 
is sunnnarized in Table III. The mean value for 14 animals was 11.8 mJ4-g 
per million cells. The mean zinc content of leukocyte samples obtained by 
direct cannulation of the thoracic duct of 5 animals was 1.81 mp.g per mil-
lion cells (Table IV). The dif ference between the zinc levels per million 
polymorphonuclear leukocytes and levels per million lymphocytes was found 
to be significantly different, with t equal 1 i ng 3.84 and P being less than 
o.o1. 
2. Peripheral blood 
Zinc levels of rabbit plasma and mixed leukocytes obtained by fibrino-
gen sedimentation are listed in Table v. For 12 animals, the mean zinc 
content per million leukocytes was 91.3 mr g, while the mean plasma level 
was 268 , '. !J.g per 100 ml. 
! 
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TABLE III 
ZINC CONTENT OF POLYMORPHONUCLEAR LEUKOCYTES FROM PERITONEAL EXUDATES 
Rabbit No. No . of celts assayed Zinc ( a.tg) Zinc ~m }Ag) per (xlO ) I lO cells 
lO l67 3 .1.4 l8. 8 
59 643 1.4.32 22 . 2 
68 57l 4.24 7.4 
70 905 5.32 5. 9 
92 587 9.97 l7.0 
93 625 l0. 40 l6 . 7 
94 278 3. 52 l2.6 
96 l65 3 .02 l8.3 
97 477 3.40 7.l 
ll9 660 3. 83 5. 8 
l24 450 l.74 3. 9 
l34 570 3. 56 6.3 
l35 490 5. $3 ll.9 
l37 5l0 6.20 l2. l 
Mean n .e 
Rabbit No . 
74 
77 
99 
100 
125 
Mean 
S. D. 
2.!. E. 
TABLE IV 
ZINC CONTENT OF THORACIC DUCT LYMPHOCJYTES 
No. of cells assayed 
(xlo6) 
434 
391 
810 
520 
615 
Zinc (}A-g) 
0.426 
0.661 
2.21 
1.14 
0.90 
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Zinc £m~) per 
10 cells 
.98 
1.69 
2.74 
2.19 
1.47 
1.81 
o.68 
0.30 
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TABLE V 
zmc CONTENT OF RABBIT LEUKOCYTES .AND PLASMA 
No. of cells Differential Zinc ~~g) Plasma zinc 
assaygd count Zinc 10 ( ~) per 
Rabbit No. (xlO ) p M (f4 g) cells 100 ml 
121 51.0 70.0 30.0 4.18 82.0 179 
122 48.2 72.0 28.0 3.28 67.0 
129 47.5 47.5 52.5 8.33 175 453 
131 37.7 76.5 23.5 6.84 181 413 
132 49.8 77.0 23.0 2.81 56.5 425 
133 21.2 64.0 36.0 4.00 188 409 
138 48.4 71.5 28.5 6.08 125 178 
154 32.8 72.5 27.5 2.90 88.4 203 
155 129 79.0 21.0 2.62 20.3 172 
156 93.0 70.0 30.0 5.01 53.9 251 
157 103 76.0 24.0 2.26 21.9 136 
158 55.8 82.0 18.0 2.04 36.6 128 
Mean 91.3 268 
--s. D. 65 129 
.s • .E. 18 39 
P ~ po~orphonuclear leukocytes 
M = mononuclear leukocytes 
6.3 
~ Peripheral blood from versene and DNA-treated rabbits 
Table VI summarizes the zinc analysis of leukocytes and plasma from 
animals administered Versene and DNA. The 5 Versene-treated animals stu-
died had a mean white cell value of 62.4 m}' g zinc per million cells. The 
5 DNA-treated animals had a mean vmite cell value of 41.0 mft g zinc per 
million cells, while the plasma contained 160 ft g zinc per 100 ml. 
No statistically significant difference was found on comparing zinc 
white cell levels of untreated rabbits with those treated with Versene. 
~Vhile there is ~ factor of approximately 1.7 between the leukocyte zinc 
content of normal and DNA-treated rabbits, andapproximately 2 • .3 between 
zinc plasma levels, neither difference is quite significant, since both 
P values are between 0.05 and 0.02. 
Erythrocyte samples obtained from 5 normal rabbits assayed 4 • .32 m!J. g 
zinc per million cells, and showed a standard deviation (S. D.) of 0.95 
and a standard error (S. E.) of 0.47. Erythrocyte samples obtained from 
.3 Versene-treated rabbits contained 2 • .39 mf" g zinc per million cells with 
an S. D. at 0.44 and s. E. at 0.25. The 1.9.3 mfA-g difference between the bvo 
group~means was found to be significant, with a t value of 3.871 corres-
ponding to a P value of less than 0.01. 
4. Relationship of zinc to ~ and polynuclear leukocytes 
Since no significant difference was noted between the white cell zinc 
levels of normal and Versene-treated r~bbits, it was considered permissible 
to pool the two groups for analysis. The adjusted mean was 82.8 m }'C g ·with 
an s. D. of 53 and s. "E. of 12.9. Correlation analysis of zinc per million 
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'MBLE VI 
ZINC CONTENT OF RABBIT LEUKOCYTES AND PLASMA FROM ANIMALS ADMINISTERED 
~ENE AND DNA 
No. of cells Differential Zin~J J..t g) Plasma zinc 
assayed count Zinc ( ~ g) per 
Rabbit No. (xio6) p M (~g) cells 100 ml 
_V~r~ege ______ -~!s_ 
145 56.0 85.0 15.0 4.92 63.7 
148 51.3 79;._0 21.0 4.89 72.3 
]Jy9 77.3 85.5 14.5 5.26 48.7 
151 69.0 86.0 14.0 3.65 65.2 
152 108 82.0 18.0 3.18 62.0 
Mean 62.4 
.2.!, D. 9.9 
s. :E. 4.4 
--
__ D~- _______ -Ag~s-
PI PIII M 
159 54.8 28.4 42.3 29.3 1.38 25.2 110 
160 41.0 9.7 17.5 72.8 1.20 29.3 192 
161 69.0 29.2 48.2 22.6 2.16 31.4 155 
162 31.4 29.0m52.0 19.0 2.70 85.9 191 
163 71.0 27.1 49.2 23.7 2.34 33.0 152 
Mean 41.0 160 
--s. D. 25.3 34 
-- 11.3 15 s. E. 
--
PI = Class I and II polymorphonuclear leukocytes 
PIII = Class III, IV, etc., polymorphonuclear leukocytes 
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cells ~· per cent mononuclear leukocytes present gave a correlation 
coefficient (r) of 0.629 and at value of 3.132, corresponding to a p 
value of less than 0.0~. Thus, a high degree of correlation exists between 
per cent non-granular leukocytes and total zinc content. Since the per 
cent polys present is equal to 100 minus the per cent of mononuclear cells, 
r is equal to -0.629 for zinc levels ~s. per cent polys. Thus, a negative 
correlation exists for this latter system. 
The regression equation was found to be: 
YZn : -0.0054 + 0.0035 X mononuclear 
Graph 1 is a plot of the mononuclear leukocyte-zinc system; the poly-
zinc line ·would be the exact complement. 
B. Acid and Alkaline Phosphatase Distribution 
1. Po~ymorphonuclear leukocytes and lymphocytes 
The pH optima for phosphatases in rabbit polymorphonuclear leukocytes 
obtained from peritoneal exudates were determined using sodium beta-
glycerophosphate as the substrate and were established at pH 5.0 and 9.9. 
The phosphatase activities of leukocytes (mgm phosphorus liberated per 
hour per 1010 cells) obtained from peritoneal exudates and thoracic duct 
cannulations are tabulated in Table VII. The mean acid and alkaline phos-
phatase levels for the polys were 12.8 and 155, respectively, while the 
corresponding values for the lymphocytes were 1.9 and 1.6, respectively. 
The P values of the differences between levels for lymphocytes and polys 
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TABLE VII 
ACID Al~D ALKALINE PHOSPHATASE ACTIVITY OF RABBIT LEUKOCYTES 
Mgm phosphorus liberated per hour per 1010 leukocytes 
Rabbit No. Cell Type . .Acid Alkaline 
72 p 15.5 305 
73 p 12.9 445 
96 p 9.5 34.4 
119 p 16.3 168 
120 p 7.1 109 
124 p 13.5 135 
134 p 12.1 80.0 
135 p 16.9 48.7 
137 p ll.5 68.5 
Mean p 12.8 .. 155 
S. D. + 3.2 +136 
s. E. + 1.1 ! 45 
99 L 3.2 4.2 
105 L 1.3 0.5 
125 L 1.4 1.8 
127 L 1.5 o.o 
Mean L 1.9 1.6 
--s. D. "'0.9 +1.9 
~ :Eo !0.5 ~-9 
p = polymorphonuclear leukocytes from peritoneal exudates 
L = thoracic duct lymphocytes 
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were less than 0.01 f or the acid phosphatase groups and 0.05 for the alkaline 
phosphatases. 
To determine whether the low phosphatase levels in these lymphocyte 
samples were caused by a shift in the pH optima or resulted from denatura-
tion of the enzyme, the cells were incubated with substrate at various pH 
levels and with glycine. The activities obtained at pH 4.0 to 10.5 at 
increments of 0.5 again placed the pH optima at approximately 5.0 and 9.9. 
The lymphocyte samples were also incubated for 2 hours with 0.002 M glycine 
prior to the addition of substrate at pH 5.0 and 9.9, but no change in the 
activities were noted. Employing disodium phenylphosphate as the substrate 
rather than sodium beta-glycerophosphate, and incubating for l to 3 hours, 
showed no apparent change in activities, nor did the addition of 5 x 10-7 
M zinc ion. 
The phosphatase activities per 1010 cells at pH 5.0 and 9.9 of leuko-
cytes separated from the peripheral blood of patients with leukemia are 
tabulated as follows: 
Activity at 
Patient ;eH 5.0 EH 9.9 
l. Myelogenous leukemia 20.8 0 
2. II II .6 47.4 
II II 41.3 0 
4. Monocytic (?) leukemia 4.7 45.2 
Since both low unit levels of acid and alkaline phosphatase and zinc 
have been reported (34, 103), these leukemic cells were studied to determine 
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whether the decreased zinc content had any effect on the pH optima. By 
adding zinc ion to the incubating mixture, Sadasi van has claimed ( 89) t hat 
the pH optima of the phosphatases can be altered. 
The leukocytes from patients 1, 2, and 3 did not exhibit any shift in 
pH optima when incubated with substrate at pH 4.0 to ll.O at increments of 
approximately 0.5. Nor was any change in activity or pH optima noted upon 
addition of 5 x 10-7 M zinc ion to the incubating mixture. 
2. Peripheral Blood 
The pH optima for rabbit plasma phosphatases were determined, and 
established at pH 4.8 to 5.1 and 8.9 to 9.1. All subsequent plasma deter-
minations were performed at pH 5.0 and 9.1. The mean plasma levels for 
acid and alkaline phosphatases were 0.16 and D.Z9 mgm phosphorus liberated 
per hour per 100 ml, respectively (Table VIII). For separated peripheral 
leukocytes, the acid and alkaline phosphatase activities were 18.4 and 114 
d ky •t per 1010 11 t• ly Bo ans U1ll s ce s, respec ~ve • 
3. Peripheral Blood from Versene and DNA-treated Rabbits 
Leukocyte acid and alkaline phosphatase levels- for the Versene-
treated rabbits were 6.61 and 122 Bodansky units per 1010 cells, respect-
ively (Table IX) . The white cell activities for the same enzymes in the 
10 DNA-treated animals were 13.6 and 178 Bodansky units per 10 cells, 'vhile 
the plasma contained 0.34 and 1.12 Bodansky units. 
No significant difference exists between the means of any of the 
samples obtained from Ver sene or DNA-treated animals and the cor responding 
TABLE Vlli 
ACID AND ALKALThTE PHOSPHATASE ACTIVITY OF RABBIT LEUKOCYTES AND PLASMA 
Differential mgm~e phosphorus liberated per hour 
Rabbit No. count per .1 · leukocytes . per 100 ml plasma 
g M . Acid 
129 47.5 52.5 18.7 
131 76.5 23.5 48.9 
132 77.0 23.0 25.7 
133 64.0 36.0 15.6 
138 71.5 28.5 26.8 
154 72.5 27.5 12.2 
155 79.0 21.0 12.4 
156 70.0 30.0 7.74 
157 76.0 24.0 7.03 
158 82.0 18.0 8.36 
. . . . .. 
~ 18.4 
s. D. !12.8 
s. E. :!: 4.0 
P : polymorphonuclear leukocytes 
M ; mononuclear leukocytes 
Alkaline . Acid . Alkaline 
10.5 0.67 4.53 
159 0.27 .77 
0.37 
175 0.34 1.35 
233 0.34 2.66 
89.4 0.24 0.76 
135 0.20 0.56 
91.9 0.04 0.64 
97.7 0.20 1.28 
41.8 0.24 0.84 
114 0.29 1.38 
:!~ -65 _:!:0.1~ :!: .69 
:!: 22 _!0.05 + 
-
.23 
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TABLE \ IX 
AGW AND ALKALINE PHOSPHATASE ACTIVITY OF RABBIT LEUKOCYTES AND ,PLASMA 
FROM ANIMALS ADNINISTERED VERSENE AND DNA 
Rabbit No. 
145 
14S 
149 
151 
152 
Differential 
Count 
S5.0 15.0 
79.0 21.0 
S5.5 14.5 
S6.0 14.0 
82.0 18.0 
mgm of 8hosphorus liberated per hour 
per 1or leukocytes per 100 ml plasma 
Acid .Alkaline . .Acid _ Alkaline 
S.lO 43.0 
?.SO 13S 
11.2 100 
0 SS.2 
5.93 243 
- - - - - - - - - - - - - - - - - - - -- - -- ------ ------
Mean 6.61 122 
s. D. ~4.45 ~ 56 
S. E. !1.86 ~ 25 
DNA Animals 
------PI ill_ PII I 
159 2S.4 42.3 29.3 23.1 225 0.36 0.52 
160 9.7 17.5 72.S 0.64 - 1 . 96 
161 29.2 48.2 22.6 15.1 214 0.2S 1.40 
162 29.0 52.0 19.0 0 51.1 0.16 0.40 
163 27.1 49.2 23.7 16.2 221 0.26 1.31 
--- -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Hean 13.6 l?S 0.34 1.12 
S. D. = 9.7 :! 85 ... O.lS ~.65 
S . E . :! 4.S :! 42 !o.oe :!0.29 
PI = Glass I and II polymorphonuclear leukocytes 
. -
PII =Glass III, I V, etc., polymorphonuclear leukocytes 
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levels in normal rabbits. It should be noted, however, that the dif ference 
between the means of alkaline phosphatase levels in leukocytes obtained 
f rom DNA and normal rabbits is 64 Bodansky units, but the calculated p value 
of 0.2 shows even this high value not to be significant. 
Erythrocyte samples obtained from 5 normal rabbits had a mean of 
1.47 Bodansky units per 1010 cells at pH 5.0. For this group the s. D. was 
1.24 and s. E. was 0.55. These same samples exhibited essentially no acti-
vity at pH 9.9. Acid phosphatase levels for erythrocyte samples from 3 
Versene-treated rabbits had a mean of 0.59 Bodansky units vri.th an s. D. of 
0.13 and an s. E. of 0.08. No significant difference exists between these 
two groups. 
4. Relationship of acid and alkaline phosphatase levels to mono-
and polynuclear leukocytes 
On pooling the normal and Versene-treated rabbits, the new mean for 
leukocyte acid phosphatase was 14.43 Bodansky units per 1010 cells with 
an s. D. of 12.0 and an S. E. of 3.09, while the new mean for leukocyte 
alkaline phosphatase was ll8 Bodansky units per 1010 cells vrith an S. D. 
of 69.6 and an s . E. ·of 18.6. Correlation analysis of acid and alkaline 
phosphatase levels ~· per cent mononuclear leukocytes, showed that no 
statistical correlation existed for the alkaline phosphatase. The acid 
phosphatase system, with a P value approaching 0.05, showed a positive 
correlation with mononuclear leukocytes. 'l'hEre data are plotted in 
Graph 2. 
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C. Relationship of Zinc to Acid Phosphatase Levels 
Correlation analysis of zinc per million leukocytes and the 
corresponding acid phosphatase levels resulted in a calculated correlation 
coefficient of 0.625 and a t value of 2 .89 . This corresponds to a P value 
between 0.01 and 0.02 . 
The regression equation for this relationship is:. 
y . : 0.0415 t 0.00294 X .d 
zLnc acl 
No statistically significant correlation exists between aD{aline phospha-
tase activity and zinc content. 
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V. DISCUSSION 
A. Zinc 
In the data presented it was demonstrated that the unit zinc content 
of rabbit peripheral leukocytes is confined to the mononuclear cells. The 
polymorphonuclear leukocytes have essentially no zinc. The exudate studies 
showed zinc levels of ll.8 mttg per million cells; however, this level is 
probably a reflection of the 5 per cent or less mononuclear cells present 
in most exudate samples. From Graph 1, 5 per cent non-granular leukocytes 
, corresponds to 15.0 mp.g. 
The very low levels of zinc in lymphocytes obtained from the thoracic 
duct were probably caused by the almost complete lack of cytoplasm in these 
lymphocytes. This is a confirmation of Hoch and Vallee's ( 45) findings 
that the zinc containing protein extracted from human leukocytes was not 
associated with fractions of nucleic acid. 
Other authors (4, 105) have reported on the large difference between 
erythrocyte and leukocyte zinc levels, and its species variance. Since an 
unequal zinc distribution e:x:i.sts among the various leukocyte forms, com-
parisons of erythrocyte levels to those of mixed leukocytes is meaningless 
without specifying the differential count. The rabbit plasma zinc levels 
presented in this investigation correspond with the 248 jAg of zinc per 
100 ml and S. E . of 10 reported by Berfenstam (4}. 
The significant difference in erythrocyte levels among normal and 
Versene-treated animals was probably caused by the chelation and removal 
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of the loosely bound, dialyzable zinc of carbonic anhydrase. This series 
was, however, small. The leukocyte study on Versene-administered animals 
showed no statistical difference and attests to Hoch and Vallee's obser-
vation of the firiin1ess of the zinc protein binding in leukocytes. Zinc 
excretion parallels Versene administration, for urine analysis of a small 
group of dogs showed increased urinary zinc with increased Versene excre-
tion. The zinc that is eliminated in Versene-treated animals is probably 
from sites where the zinc is loosely bound. These findings are in accord 
with those reported with other chelating agents, as BAL. 
The unit zinc levels for leukocytes from DNA-treated animals were 
lower them in normal rabbits, but the difference was not statistically 
signific<mt. The apparent decrease can not be explained at the present 
time. The DNA experiments were originally performed to determine whether 
unit zinc levels for immature polys were different than mature cells. 
However, analysis of the data later revealed essentially no zinc in the 
polys. 
~~he distribution of zinc among the granular and non-granular 
leukocytes of human blood is not kno¥m at the present time. If an unequal 
distribution exists as in rabbit leukocytes, it might explain the reported 
10 to 40 per cent decrease of unit zinc levels in leukemia (34). In any 
leukemic study it would be equally important to note whether mature or 
immature ~phocytes were present. 
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B. Phosphatases 
Haight and Rossiter (40} have reported that for the rabbit alkaline 
phosphatase is confined to the polymorphonuclear leukocyte vdth lymphocytes 
being inactive, while acid phosphatase is chiefly in the lymphocyte. The 
present investigation confirmed only the latter, giving a correlation 
almost significant to the 0.05 level. A more significant correlation prob-
ably would have been obtained vdth additional observations. The statistic-
ally significant correlation between leukocyte zinc levels and acid phos-
phatase activity gives further evidence of the probable concentration of 
the enzyme in the lymphocyte. 
The observed low acid phosphatase levels in t he almost complet el y 
nuclear lymphocytes obtained by thoracic duct cannulations are a ref lection 
of the cytoplasmic origin of this enzyme. The high alkaline phosphatase 
levels of leukocytes from DNA-treated aninals confirm the chenucal and 
histochemical observations (103} of increased activity during leukocytosis. 
Peripheral leukocytes demonstrated a positive correlation for the 
zinc-acid phosphatase system. This does not imply any in vivo relationship, 
but rather that both are confined chiefly to the mononuclear cells. No 
evidence was found to substantiate Sadasivan 1 s hypothesis (89) in the 
stuqy of immature lymphocytes and leukocytes isolated from leru{enUc blood, 
since varying the zinc and magnesium ion ratios did not result in a change 
in the pH optima of the acid and alkaline phosphatases. 
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.ABSTRACT 
The objective of this research was to investigate the distribution of 
zinc in the various leukocyte forms and to make comparisons of its concen-
tration therein with acid and alkaline phosphatases in the same tissues. 
It was also expected to correlate zinc and enzyme levels in rabbit leuko-
cytes under such stress conditions as induced leukocytosis and after Versene 
(EDTA) administration. It was desired to determine whether the zinc levels 
parallel the known effects of stress on the enzymes, whether the altered 
activities result from changes in the pH maxima, and whether ~inc functions 
as an activator in vivo. 
Histochemical detection of zinc 
A histochemical technique for the detection of zinc in blood cells, 
which had been previously partially developed, was further developed and 
extended to permit a survey of other tissues. Specificity for zinc was 
achieved by means of a dithizone complex-forming solution. Zinc in pros-
tate and stomach sections could be clearly differentiated from other metal-
lic constituents. In all prostate sections studied, the cytoplasm of the 
epithelial cells showed a distinct red-orange color with red-purple gran-
ules. In all areas the apical portions of these secretory cells were often 
most deeply stained. Connective tissue and smooth rrru.scle did not stain. 
The anterior and posterior lobes of dog, human, and monkey prostates exhi-
bited no essential difference in dithizone-staining properties. In all sec-
tions of stomach from dog, man, monkey, and rabbit the parietal cells we;re 
clearly demarcated when stained for zinc and exhibited dark red cytoplasm in 
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addition to red granules . Epithelial cells displayed variable shades of 
color, from light pink to an intense orange-red, while connective tissue vas 
unstained. 
Dithizone in aqueous acetone solution demonstrated metallic non-specific 
staining in stomach, prostate, pancreas, and erythrocytes of dog, man, rab-
bit, and rat. Metallic staining as contrasted with concentration of the dye 
by fat was shown by loss of stain in tissues previously chelated with ethyl-
enediaminetetraacetic acid (EDTA). staining of phagocytized zinc oxide in 
macrophages indicated penetration of the cellular membranes by dithizone. 
Zinc acetate given intravenously to rabbits showed a marked concentration of 
zinc in the epithelial cells of small and large intestine~ • .. ::This experiment 
indicated that the intestines, particularly the small intestine, were a pos-
sible excretory route for zinc . Many attempts to utilize the staining tech-
nique on · leukocytes produced such infrequent success it is not as yet pos-
sible to employ routinely the procedure to detect the zinc in such cells • 
.Zinc distribution in rabbit blood 
Zinc was determined quantitatively in polymorphonuclear lellicocytes 
obtained from rabbit intraperitoneal exudates, in lymphocytes obtained by 
cannulation of the thoracic duct, in leukocytes obtained from peripheral 
blood· by fibrinogen sedimentation, in normal erythrocytes and plasma, and 
in peripheral lelli{ocytes, erythrocytes, and plasma obtained from rabbits 
treated 1vith Versene and DNA. Cell suspensions and plasma •vere analyzed 
for zinc by extracting with dithizone in carbon tetrachloride and measuring 
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the optical densities at two ~ve lengths (525 and 625 millimicron). The 
absorption maxima. were verif ied and the required experimental constants 
evaluated. The average distribution values for zinc in millimicrograr.n.s per 
million cells and the standard error were mononuclear leukocytes 346.6 (cal-
culated), polymorphonuclear leukocytes (from peritoneal exudates) ll.8 ~ 1.5, 
immature lymphocytes (from thoracic duct) 1.81 + 0.3, erythrocytes 4.32 ~ 
0.47, and plasma 268 (micrograms per 100 rnl) _: 39. 
No statistically significant difference was found betvreen zinc levels 
of peripheral leukocytes from normal rabbits and those treated with Versene. 
The zinc content of mixed leukocytes from untreated rabbits was 1. 7 times 
greater than in DNA-treated rabbits, and this dif ference was significant at 
the 0.05 level of probability. The zinc in normal plasma was 2.3 times 
greater t han in the DNA animals, which corresponded to a P value of 0.02. 
~hrocytes were statistically significantly depleted of zinc by Versene 
treatment. Correlation analysis of zinc per million cells ~. per cent 
mononuclear leukocytes gave a correlation coefficient (r} of 0.629 and a P 
value of 0.01. Thus, a high correlation exists between per cent non-granular 
leukocytes and total zinc content. Since the per cent of polys present is 
equal to 100 minus the per cent of mononuclear cells, r is equal to ~.629 
for zinc levels vs. per cent polys. Thus, a negative correlation exists for 
this latter system. 
The regression equation was found to be: 
Y(zinc) : ~.0054 t 0.0035 X(mononucl.) 
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These data indicate that unit zinc content of rabbit peripheral leukocytes 
is confined to the mononuclear cells. The polymorphonuclear leukocytes have 
essentially no zinc. The exudate studies showed zinc levels of ll.8 milli-
micrograrns per million cells; however, this level is probably a reflection 
of the 5 per cent or less mononuclear cells present in most exudate samples. 
It was calculated that 5 per cent non-granular leukocytes corresponds to 
15.0 millimicrograrns. 
Distribution of acid and alkaline phosphatases in rabbit blood 
Enzyme levels, in mgm phosphorus liberated per hour per 1010 cells, vrere 
determined on the same samples obtained for zinc analysis. The pH optima for 
acid and alkaline phosphatases, using sodium beta-glycerophosphate as sub-
strate, in exudate leukocytes and lymphocytesvas established at 5.0 ?fid 9.9. 
This is an essential agreement with reported values for other substrates. 
The average values for the acid and alkaline phosphatases of rabbit blood 
were polymorphonuclear leukocytes 12.8 and 155, :iiamature lymphocytes 1.9 and 
1.6, and per 100 ml plasma 0.29 and 1.38. The low values obtained for the 
lymphocyte samples were unaltered by the addition of glycine, zinc ion, 
change of substrate, or by varied incubation conditions. The same pH optima, 
pH 5.0 and 9.9, were observed in the lew~ocytes of leukemia patients. The 
phosphatase activities of these cells remained unchanged when treated as 
the lymphocyte samples. 
Fibrinogen sedimented leukocytes from peripheral blood of either Versene 
or DNA-treated rabbits showed no significant difference with samples from 
normal animals. However, a trend toward higher values of alkaline phosphatase 
viii 
in DNA-treated animals was apparent. 'rhe acid phosphatase activity of 
peripheral leukocytes showed a positive correlation which approached signi-
ficance with the mononuclear leukocytes, while no correlation could be 
established for alk~e phosphatase. A correlation coefficient of 0.625 
was obtained for the concentration of zinc per million white cells and its 
acid phosphatase level. This corresponded to a P value between 0.01 and 
0.02. No statistically significant correlation existed between alkaline 
phosphatase and zinc concentration. 
The composite data aside from that given in the histochemical section 
varrants the following conclusions: 
The zinc in peripheral leukocytes is mainly in the mature mononuclear 
leukocytes, there being nruch less in the young lymphocyte and granular 
leukocytes. The metal is firmly bound, as noted in the similarity in zinc 
levels of both normal cells and those subject to chelating agents. This 
may be contrasted with the more labile zinc of the erythrocyte, which is 
removed by chelating agents. The weight of evidence from the literature 
and from these experiments, both analytical and histochemical, showed the 
acid phosphatase and zinc to be non-nuclear constituents. 
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